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The present confusion in the domain of psychology with 
respect to its subject-matter and method need not be inter- 
preted as a failure to justify its claims to be a science. It is 
indeed an indication of progress that psychologists are at- 
tempting to specify precisely what is the content and method 
of their domain. The difficulty of this specification is of 
course in great part owing to the extreme complexity of 
mental phenomena, but in spite of this difficulty, there are 
indications that psychology is beginning to interpret its 
phenomena in accordance with the logic of science. 

The fundamental purpose of science is to isolate certain 
phenomena, and to describe them so adequately, that their 
significance is understood, or that control over them is estab- 
lished. Science is essentially a process of critically evaluating 
facts and conditions, which are brought to its notice because 
of various human problems. Each particular science evalu- 
ates, that is, endows with meaning some specific type of 
phenomena. The importance of employing an adequate 
method of interpreting phenomena is therefore obvious, for 
otherwise the descriptions cannot but mislead the scientist 
and fail to satisfy the needs of his problems. In all sciences 
there is one outstanding condition of correct evaluation, and 
that is to keep as close as possible to observed data, and not 
to neglect complexity of fact, in an effort to gain simplicity 
of description. A comparative study of scientific procedure 
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indicates strikingly that psychology has been the least critical 
of all sciences in its methods, although it should have been 
most cautious, because of the presence of inherent difficulties 
in its facts. Experience has shown that psychology must 
especially avoid descriptions of mental functions given ex- 
clusively in terms of external reactions, or states of conscious- 
ness. To explain a mental function we must not confine 
ourselves exclusively to either the mental, physiological, 
or physical aspects of the process studied; in an adequate 
treatment each phase must be included. Professor Angell 
has indicated how utterly unfruitful it would be to attempt 
to state such a process as memory in merely objective terms.! 
When therefore the evaluation function is well understood 
and critically employed in the field of psychology, that dis- 
cipline will find its place in the domain of science amply 
secured and safe from invasion. This paper attempts to 
define the function of critical evaluation as it applies in psy- 
chology, and to point out the consequences of its correct use 
in that discipline. 

The critical evaluation function, which constitutes scien- 
tific activity, is an amplification of experienced events, and 
makes for a consistent control of the further progress of 
experience. We might say the evaluation function of science 
is itself a type of experience, because in the final analysis it is 
one of the several ways in which individuals are in contact 
with known objects. It is clear that upon this basis no 
science may start with some type of a priori classification. 
For example, the question whether phenomena are mechanical 
or teleological may be asked only after the study of the con- 
crete facts is concluded, and it must be remembered that 
these terms have meaning only as functions in the interpre- 
tation of facts. 

The facts of science are evaluations of phenomena; they 
develop through a series of stages, as the phenomena are 
brought under greater control of the individual. The sim- 
plest forms in which the world of objects, forces, and condi- 
tions have any meaning for us, are attitudes which the organ- 


1 Psycnot REv., 1913, 20, p. 255. 
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ism assumes toward its surroundings. These attitudes in 
their simplest form are, in common with all acts of a conscious 
being, psychophysical, and must of course be described as 
such. These attitudes which are simple psychophysical 
adjustments, constitute the meaning of objects or other as- 
pects of the experience eliciting the attitude. One of the 
simplest meanings that the candle flame can have for us is the 
act of withdrawing our hand. The meaning cannot be 
detached from the act, and this leads to the statement that 
the meaning of the candle flame is the act. This evaluation 
of the experience is of course an abstraction, since it is evident 
that we are describing or evaluating only a partial happening. 
It would require a series of responses to give the entire mean- 
ing of the candle flame. The object might be described as 
the ‘hand attraction reaction,’ as ‘body trembling reaction,’ 
and in other ways. When attitudes become significant for 
the individual through repeated contacts or some other means, 
the object is evaluated in terms of the attitude. A ball is an 
object to throw; a dog is something to pet, or to run from. 
This entire process is a clarification of the meaning of the 
object, or more broadly of the experience-situation. When 
the meaning of the experience-situation becomes clearly 
appreciated by the individual, it becomes detached from the 
situation, and is handled as a fact, by some sort of symbol. 
A certain definite experience is symbolized as ‘partaking 
of food and digesting it’; this is a simplified abstraction from 
a complicated system of actions. In this example we observe 
a typical first step in detaching a meaning from an act- 
situation. This step involves the reference of the adjust- 
ment-behavior to some external object as its occasion. The 
development of knowledge concerning objects is an elabora- 
tion of their meanings, and goes on as a process of acquiring 
control over objects by way of controlling the possible re- 
sponses to be made to them. The greatest control over 
objects, which is scientific control, consists in arriving at such 
a determination of an object’s possibilities as to know for 
definite, limited purposes every effect that the object can 
bring about in the individual. Any specific purpose is the 
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solution of a definite problem which initiates the scientific 
investigation. The dentist knows most of the possible 
effects of nitrous oxid when he discovers its anesthetic 
properties, and the harmlessness of after-effect. It is appar- 
ent that a scientific evaluation in its symbolization of phe- 
nomena gets farther and farther from actual effects; that is, 
it represents them. 

As scientific knowledge advances, the control over objects 
is paralleled by the growing remoteness between happenings 
and their symbolization. The concept of force as a scientific 
instrument is far removed from any actual motion, though it 
must in some capacity or other serve in the control of all 
movements. This point is further illustrated by the case of 
ether, which is a scientific idea or symbol, representing so 
many phases of experience that it does not point to any actual 
one. The symbolic character of a psychological description 
emerges in the consideration of a perceptual experience. 
The abstractive nature of the description seems clearly 
indicated by the fact that it is impossible to mention all the 
factors involved, and the more adequate and accurate the 
description the more it reproduces the experience. The 
ideally perfect description would involve forcing the indi- 
vidual who receives the description to have the original 
experience. The best way to describe my perception of an 
object is to point to the object; so some person can also 
perceive it. 

The world of science then consists of knowledge, ‘con- 
structs,’ which mean or represent conditions or objects, which 
bring about definite changes in the individual in contact with 
them. The main point to be emphasized here is the con- 
tinuity which runs through from the actual occurrence to the 
scientific description, if that description be genuinely valid. 
It is clear then why the type of evaluation which obtains in 
physics and chemistry is not serviceable in the field of psy- 
chology. There are entirely too many differences in the 
two types of facts. A significant difference is that conscious 
behavior is much closer to the individual than physical phe- 
nomena. In the case of conscious phenomena the scientist 
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studies his own behavior or behavior like his, while in the 
realm of physical phenomena the scientist studies action of an 
extremely different object. The meanings or symbols in the 
two cases differ very markedly, and cannot be thought of as 
equally valid in representing identical experiences. The 
description of conscious behavior in terms of physical symbols 
or ideas implies a misrepresentation of the thing or event de- 
scribed. When such faulty description is employed the 
evaluatory concepts are not derived from concrete facts, and 
whenever an evaluation concept does not reach back to actual 
happenings in the experiences of individuals, it must be re- 
jected as a scientific tool. 

The traditional failure of psychology to study critically 
its phenomena, and to describe them in adequate, scientific 
terms may be attributed to the persistence of a mistaken ideal 
of science. Psychologists have believed that the ideals of 
science were best, if not entirely, realized in the domain of 
the physical disciplines. In the early history of psychoiogy 
this lead to faulty conceptions as to what constituted scien- 
tific description, a fact which was intimately related with 
current conceptions concerning the relation of psychical and 
physical phenomena. It must be remembered that scientific 
psychology developed under the auspices of the Weber-Fech- 
nerian psychophysics. It was a peculiar turn in scientific 
history which made such a vast and still growing science 
originate from such an extraordinary and fanciful doctrine, 
which in the beginning gave impetus to the development of 
experimental psychology. This peculiar origin was not 
without its bad effect, since the attitude became prevalent 
that the material of psychology, while in some sense identical 
with physical things, could still be considered as separate 
and independent of them. This viewpoint has of course 
taken different shapes, while maintaining its original sense. 
This led psychologists to declare that the domain of psychol- 
ogy differs from the domain of the natural sciences only in 
point of view. Psychology is assumed to get into more direct 
contact with its objects, and its knowledge is thought to be 
more concrete and immediate. This assumption continues 
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the long entertained prejudice that we have a more immediate 
acquaintance with conscious phenomena, than with other 
facts of science. 

Coincident with the adoption of a mistaken viewpoint 
concerning scientific description, tle early, scientific psy- 
chologists, who have shaped the course of the science, fos- 
tered an unfruitful attitude concerning the methods of psy- 
chology. They assumed that psychology should accept as 
valid the type of analysis which is used in chemistry. Such 
procedure is an immediate consequence of assuming that 
psychology, like chemistry, deals with a homogeneous ma- 
terial.1_ A description of its phenomena would then be ex- 
hausted by three problems to be solved in succession. “The 
first is the analysis of composite processes; the second is the 
demonstration of the combinations into which the elements 
discovered by analysis enter; the third is the investigation of 
the laws that are operative in the formation of such combina- 
tions.”? Psychology is thus made to deal with some sort of 
stuff which must be reduced to its simplest elements, and 
this reduction leads to the hypostatization of certain func- 
tions. The viewpoint that psychology must work as the 
other sciences do, and must find similar stuff to work upon, 
brought with it the consequence that the experiences with 
which psychology concerns itself are wrongly described and 
hopelessly misinterpreted. The extreme, introspective psy- 
chologists reduce the mental functions to a series of psychic 
states, which entirely fail to represent the phenomena they 
are attempting to describe. The phenomena are made into 
abstractions that can never be found outside the descriptions. 

The failure of the behavioristic psychology to achieve 
any advantage in the description of psychological phenomena, 
may be attributed to the fact that it only ostensibly gives up 
the wrong attitudes of the structural psychologist. The 
behaviorist makes a splendid attack upon the mechanics of 
mental states, but wants to substitute just as vicious a for- 
malism in terms of stimulus and response. The resulting 


1 Cf. Titchener, ‘The Psychology of Feeling and Attention,’ p. 291. 
2 Wundt, ‘Outlines of Psychology,’ 1907, p. 28. 
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descriptions of the behaviorists are entirely lacking in the 
essential factors which constitute a conscious behavior,! and 
consequently do not represent actual psychological phe- 
nomena. It seems unbelievable that any person investigating 
the actions of conscious beings, whether animals in the upper 
scale of development or the human individual, should attempt 
to reduce this behavior to reflexes and motor habits. One 
cannot avoid the question as to what sort of science it can be 
which reduces conscious behavior called emotion, to ‘muscle 
twitching’ and ‘glandular secreting,’ or language, to mere 
motor habits ?? 

The behaviorist apparently fails to consider sufficiently 
the function and purpose of a scientific method. This 
failure comes out in the fact that because he concluded that 
the introspective method was not the only direct method of 
ascertaining psychological facts, then it was possible to do 
away with all factors of behavior which implied the use of 
introspection. This entire procedure indicates in an excel- 
lent way the meaning and importance of an adequate method 
in psychology. If the inadequacy of an introspective method 
which was developed to investigate mental states is estab- 
lished, then that method must be improved in order that the 
actual phenomena may be studied and described. To jump 
to the extreme that conscious behavior can only be studied 
by an objective method, results in the assumption that con- 
scious behavior is purely physiological. This procedure 
demonstrates the necessity of a scientist to evaluate the 
phenomena he deals with; so that he can solve his problems 
on the basis of the data involved in those problems. The 
critical interpretation of conscious behavior such as language, 

1 Note that I do not say consciousness. Every fact of consciousness is a conscious 
behavior, a complex action involving always besides the mental factors, also organic, 
muscular, and glandular processes. 

2 Watson, Journal of Philosophy, 1916, 13, p. 591. It seems clear that the be- 
haviorist means in many cases to include more factors as constituting human behavior 
than he overtly asserts are present. He certainly must mean to include under the 
term habit a good deal besides mere muscular and glandular function. It is significant 


in this connection that Watson, for example, is constantly stressing the matter of ter- 
minology. This implies an acceptance of the facts of conscious behavior, if not the 
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memory, thought, and emotions for example, cannot tolerate 
the description of these behaviors as ‘states of consciousness,’ 
or as ‘muscle twitching.’ These processes must be described 
as organic events, which are in relation to circumstances 
necessary for their production, and which have other events 
following as consequences.! The emphasis will be placed 
upon the actual, concrete happening. The method will be 
such as to give an adequate place in the description to all 
the specific factors involved, whether they are muscular, 
glandular, neural, affective, conative, or cognitive. In con- 
sonance with the accumulation of facts pointing to the specific 
adjustmental nature of conscious behavior, the description 
of human action will involve in addition to the factors men- 
tioned, the particular conditions under which the acts take 
place. Thus, in order to describe a conscious behavior as 
implying a sentiment or not, the immediate conditions under 
which it occurs must be known. “To tell a child who is 
quite innocent of any feeling or sentiment, who is merely 
grabbing for something to put into his mouth, that he is 
selfish or greedy, is to requalify a mode of response in this 
way.’” Whether an act is the emotion of anger or not de- 
pends not only upon the muscular changes, but also upon the 
meanings and the affective elements involved. 

We might inquire into the motives which led the behavior- 
ist to adopt a method which totally misinterprets the phe- 
nomena with which he deals. It was the endeavor to 
introduce such necessity and certainty into the study of 
psychological phenomena; so that “the findings of psychology 
become the functional correlates of structure and lend them- 
selves to explanation in physicochemical terms.”* The 
motive seems to be to get rigid absoluteness into psychology 
even at the expense of losing everything else. It is an 
elequent commentary upon the behavioristic movement to 
have a psychiatrist speak of it as a psychology, “whose con- 
ception of vital human functioning is suggestive of nothing 
so much as of a fire crackling through a carpet of dry leaves. 

1Cf. Dewey, Journal of Philosophy, 1918, 15, p. 32. 


2 Dewey, Joc. cit., p. 34. 
3 Watson, ‘Behavior,’ p. 28. 
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It reaches to no depths, it involves no profound smoldering 
sources of conflagration, it leaves no real scars beneath the 
surface.”! If the behavioristic attitude seems to promise so 
little for the solution of concrete problems of human malad- 
justment, there must be something radically wrong with it. 

The inefficiency of behaviorism to meet the needs of a 
genuine understanding and control of phenomena is in part 
accounted for by its mistaken idea concerning the purpose of 
psychological science. Professor Watson, for example, asserts 
that the purpose of psychology is to predict the behavior of a 
person under definite circumstances. These circumstances 
are of course described by the behaviorist in terms of stimuli, 
since all behavior is a matter of response to stimuli. The 
purpose of psychology cannot be more unsatisfactorily stated, 
since the context makes it clear that Professor Watson enter- 
tains an ideal of prediction employed in physical science, 
and that means to reduce behavior to empty abstractions. 
The logical consequence of making prediction the end of 
psychology is to formalize and distort the meaning of re- 
sponses in the way that a physicochemical statement would 
do. Such concepts of responses are obviously not derived 
from concrete facts of experience. The only prediction 
possible in human behavior is the very simple anticipation of 
a possible uniformity in action in response to phases of 
experience consciously abstracted from a total situation. 
Nothing further than this is possible, since human actions are 
indefinitely more than mere muscular and glandular function. 
The other factors of human behavior make such actions 
entirely unpredictable in the sense that physical phenomena 
are predictable. A critical reading of Professor Watson’s 
writings on this point indicates that he really has little con- 
fidence in such prediction, and that his concepts of stimulus 
and response are not nearly so empty of content as he implies. 
In spite of this fact, however, he permits the ideal of predic- 
tion to distort his descriptions of human behavior. 

Progress in psychology depends upon the correction of two 


1 Jelliffe, Journal of Philosophy, 1913, 10, p. 269. 
2 PsycuoL. REv., 1917, 24, Pp. 337- 


10 J. R. KANTOR 


conditions. In the first place, psychology must give up the 
attempt to describe its facts in terms of abstruse, logical 
abstractions. Its descriptions should be made in terms of 
what actually does occur, and not in terms which fail to 
render any exact detail of the identity and significance of 
conscious behavior. This is the fact with respect to ‘mental 
states,’ and ‘stimulus-response’ descriptions. The correction 
of this condition will automatically emend the second con- 
dition, namely, that so much pressure is put upon psychology, 
that it must necessarily trespass too far upon the premises 
of related sciences... Why should it be necessary for psy- 
chology bodily to borrow physiological facts in order to have 
any positive materials? That this has been a ‘protective 
device’ for psychology is exemplified by the large place the 
sensations occupy in psychological text-books and treatises. 
The so-called higher functions are just beginning to receive 
the attention they really require. The backward state of the 
psychology of thought is easily traceable to the prejudice 
which gave thought a purely sensorial setting, or an exclusive, 
sensorially derivative origin. To illustrate some specific 
improvements in the description of conscious behavior, we 
might point out some of the factors which are almost entirely 
excluded from the average descriptions of memory processes. 

We may begin with the matter of personal identity. In 
every memory situation there is a specificity of intimate 
details, which indicate a personally continuous experience. 
The possibility of memory implies a continuity of empirical 
facts, which are all centered about an individual. One 
might put this in another way, and say that the group of 
unified human experiences constitute the individual, so far 
as the memorial processes go. When I remember to pay a 
bill I owe, I merely complete a relation, which I began at 
some previous time. There is a continuous series of con- 
ditions of which any specific factor is an interrelated part. 
These parts of the experience are all concrete, human hap- 
penings connected by more or less traceable bonds. The 
contraction of the debt is part of the experience of wearing 


1Cf. Angell, Psycuou. REv., 1913, 20, p. 268. 
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my new coat, which experience is very closely related to 
paying the debt. The emphasis of personal identity in the 
memorial situation would give us a new attitude toward that 
mental function, and eliminate some of the artificial diffi- 
culties. We could not consider memory as a mysterious re- 
vival of the dead past; we would not ask, ‘‘where is the idea 
when it is not in consciousness?”? The facts of memorial 
retention concern the objects and events of an individual life, 
and since the particulars of one’s experience vary in character 
and importance, there is a resulting competition for the 
occupation of the center of the experiential stage. For- 
getting is the natural relegation of given particulars to the 
wings of this stage, while forgotten but recoverable facts are 
particulars of experience pushed off the stage, but still in the 
theater. Totally forgotten objects and events are discon- 
nected particulars split off from the total organization of a 
person’s experience. When any item is in any way an in- 
fluence upon behavior, it is still a part of a simple experience. 
This influence goes on in spite of the usually successful evasion 
of introspective detection. These slightly functional par- 
ticulars, when inadequately observed, are described as vestiges 
and traces of memory. As against this view we must look 
upon these factors of memory as ordinary, concrete events, 
which occur in everyday experience. In order to describe 
the concrete workings of an actual memory function the 
concepts used must be invariably derived from the actual 
phenomena observed. The logic of science dictates a human- 
istic description of human behavior; to use purely objective 
terms results in a falsification of the facts.! 

A genuine, functional attitude would cast some light 
upon the problem of belief in memories. James makes 
memory consist of an object of any faculty, such as perception 
or reasoning, to which adheres the emotion of belief.2. The 
discussion amounts to this, that any memory object bears a 
peculiar, active relation to our present sensations and emo- 

1“Qne suspects that the thrills of young love when so portrayed will present a 
somewhat clinical not to say mortuary appearance.” (Angell, Psycno. REv., 1913, 


20, p. 267.) 
2 Principles,’ ch. xvi., p. 652. 
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tions. To go only this far is to observe the close connection 
between the several experiences which are included in a total 
memory act. The determination of what actually goes on is 
now cast aside, and there is undertaken the dogmatic sub- 
stitution of abstractions, such as ideas, which explain nothing. 
Instead of carrying out the empirical continuity of different 
phases of a span of human experience, psychologists usually 
attempt to show a connection between ideas. James quotes 
Mill as describing the complexity of memory, which includes 
the idea of himself at the moment of remembering, and that 
of himself in the past moment of conceiving, and also con- 
taining the whole series of states of consciousness between those 
two moments. To the writer this relic of mental chemistry 
carries no significance, since he cannot conceive of anyone 
being an idea. A critical examination of the memory process 
should give us an entirely different description. My con- 
fidence in my memory is not explained by the fact that it is 
‘an idea containing other ideas. It is explained by the fact 
that what I remember is a part of my experience, and is 
brought to mind by some related object or condition of my 
total conscious behavior. The reality of memory is un- 
doubted, because it is a part of an organized experience, and 
makes its own appeal. In this connection it must not be 
- forgotten that there are degrees in which one experiences 
events. We may be absent from places, though we are 
present, and this fact conditions succeeding experiences. 

A critical determination of the memory processes will 
banish those chemical relics, the ideas, from the description 
of memory; or there will be made a new evaluation of what 
is meant by an idea. It seems entirely impossible to explain 
memory as a meaningless mechanics, consisting of series of 
ideas, logically or illogically chasing themselves through the 
mind. To refer to James again as a leader in the direction 
of a functional psychology, we find him insisting that asso- 
ciation refers to things thought of and not ideas.! There 
seems to be an appreciation that human experiences have in 
them more content than ideas suggest. With James this 


1 ‘Psychology,’ I, p. 554. 
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happened to be one of those flashes of genius peculiar to him 
which is not further developed. He correlates these things 
with nerve paths, and if he does at all avoid the empty dance 
of idea-atoms, he substitutes what is just as bad, a neural 
mechanics. When we consider the function of ideas in a 
memory process we must immediately freight those ideas 
heavily with human content. It is highly improbable that 
there should be a human, memory function unless the ideas 
concerned were carrying actual, human conditions. The 
fact of a man remembering to post his wife’s letters is not 
explained by the contiguity of ideas, but involves a series of 
concrete happenings, which form an organic whole. Un- 
fortunately, too frequently there is a dissociation of these 
happenings, which may be explained by the fact that the 
individual events group themselves in other combinations. 
The peculiar mystery of the recall situation is resolved 
when we give up the abstract, logical entities. When a 
memory process is operating, some person is making use of a 
larger part of his experience than is contained in a given 
moment. This is not an abstract dragging in from nowhere 
of an idea by another idea, by virtue of the fact that both 
were in the mind before. When one performs today what 
he promised in a past time, it is perhaps because the indi- 
vidual, who wishes to have others think well of him, agrees to 
do something, and finds it naturally expedient to do it at the 
appointed time. The element of social pressure is extremely 
important. The recall function is a matter of actual arrange- 
ment of an individual’s experiences under influence of definite, 
human conditions. To describe this experience as a con- 
nection between idea ‘a,’ and idea ‘b’ is to fail entirely to 
comprehend the event. To say that ideas connect them- 
selves because of previous connections, is to create a mystery 
since the need arises for some explanation to account for any 
particular present association. The only meaningful and 
useful account of the facts of revival which bring about, or 
fail to bring about codrdinated and coherent human actions 
must be based upon the actual contact of an individual with 
things and their relations. Excluding the explanations, we 
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find in the Freudian literature many suggestions of the specific 
interplay of experience elements in situations of remembering 
and forgetting. 

What is true of memory is true of all other conscious 
behavior. In the case of thought processes, an adequate 
evaluation function must take into account, besides obvious 
association of ideas, the intimate carriers of these ideas, 
whether sensational, physiological, or even factors of a more 
recondite sort. There must be indicated the important place 
of the so-called subconscious phases of the thought processes. 
A scientific description of the thought functions should bring 
out with details some of the specific conditions concerning 
the problem which calls out the thought behavior. The 
main point here, is that unless one enumerates all the neces- 
sary facts concerning a conscious behavior, the conditions of 
description are not satisfied. It is especially important to 
avoid a description of human behavior in purely mental 
terms. A thought process for example, is not only mental, 
but also physical, social, and human. It is no more condi- 
tioned by the fact that it involves images, bodily attitudes 
and physical facts, than by the fact that it always has as a 
setting some specific, problematic situation. 

In general, an adequate use of the evaluation function 
will lead us to determine conscious behavior as it actually is, 
for the purposes which really guide the investigation, and 
not for the convenience and comfort which accrue from logical 
coherence. If it is necessary for the understanding of psy- 
chological phenomena to give them their neurological and 
physiological setting, they must beconnected with those facts, 
but the one set of facts should never be substituted for the 
other. Such procedure indicates in every instance the clumsy 
juggling with products of false analysis. The behaviorist, 
who correctly points out the insufficiency of the doctrine 
that there is present in human behavior some kind of stuff, 
which is seriously characterized as unextended, existing for 
itself, or intangible, and which brings about appropriate 
responses to stimuli, is just as much at fault in reducing the 
entire situation to logically simple behavior processes. Any 
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critical observation indicates that not even the simple adjust- 
ments are reducible to the physiological functions, which the 
extreme behaviorists attempt to make out as the sole con- 
stituents of those acts. When the complex behaviors are 
considered, the insufficiency of the analysis is glaring. To 
deny the conscious factors found in higher types of behavior, 
or to reduce them to the crude functioning of a nervous 
system, is to display unmistakeable symptoms of tyroship 
in the manipulation of the evaluation function. 

Psychology, if it is to be a science, must take its function 
to be that of describing actual facts. These facts are not 
existing objects or conditions, which await reception; neither 
are they assumptions imposed upon the experience studied. 
A fact, for the psychologist, as well as for every scientist, 
must be the most critical determination of existential con- 
ditions, and an evaluation of some phase of genuine experience. 
It is always a knowledge construct, and is more or less valu- 
able for purposes of control and understanding, as it keeps in 
contact with actually existing circumstances. One of the 
first essentials of a scientific attitude is non-sectarianism. 
This makes for a determination of phenomena on their own 
merits. They are not strained to conform to a pre-conceived 
notion of what ought to exist in the domain under discussion. 
The evaluation function of the scientific level of experience is 
experience conscious of itself. It should therefore give an 
accurate account of its development. 
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BY C. E. FERREE AND GERTRUDE RAND 
Bryn Mawr College 


INTRODUCTION 


In the work reported in this paper a determination of the 
chromatic thresholds of red, green, blue and yellow in energy 
terms has been made at near-lying points from the center to 
the periphery of the retina. The incentive for making this 
study has been twofold: (1) We have wanted to make an 
investigation of the chromatic sensitivities of the central and 
peripheral retina that would be more nearly quantitative 
than those that have previously been attempted. (2) A de- 
tailed investigation of the sensitivity gradient for the four 
colors red, green, blue, and yellow from center to periphery 
of the retina has an important bearing on certain points of 
color theory. Two of these points will be considered in the 
second part of this paper. 

As a part of a general investigation of retinal sensitivities, 
we had planned several years ago (1) to make determinations 
both of the achromatic and chromatic sensitivities to wave- 
length that would be quantitative up to the standard ac- 
cepted for the physical recording instruments. One of the 
requirements for such a determination is, as was pointed out 
at that time, that the stimuli shall be rated in units that can 
be compared. This requirement could not be met until 
measuring instruments were obtained which were sufficiently 
senstitive for work in the visible spectrum and which were 
non-selective in their response to wave-length. It was fur- 
ther stated that if a rating is to be made which may fairly be 
considered as quantitative, it must also be possible from the 
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data at hand to compare numerically the amounts of response 
as well as the amounts of stimuli used to arouse the response. 
That is, while a radiometric rating of the stimuli is neces- 
sary for this purpose, an equally important point to be con- 
sidered is what amounts of response can be employed with 
sureness of principle in meeting the quantitative require- 
ment. In this regard it was pointed out that of the amounts 
of response that have at different times been used or sug- 
gested for the determination of sensitivity—namely, equal 
amounts, equal sense differences, the liminal threshold, the 
just noticeable difference, and the average error—perhaps 
only the first two can by common agreement be regarded as 
numerically comparable; and that the validity of the use of 
the others for the more strictly quantitative work should be 
tested by checking the results against those obtained when 
the rating is based, for example, on equal amounts taken as 
standard. This interchecking of results for achromatic sen- 
sitivity is now in progress in our laboratory, in which case 
all of the determinations mentioned above may be made. It 
can not be done, however, in case of chromatic sensitivity 
until it is first determined whether the judgment of equal 
saturations can be made with an acceptable degree of pre- 
cision. Furthermore, a determination of comparative sen- 
sitivities in the peripheral retina, based on equal amounts of 
response, while not impossible, is neither very convenient nor 
very feasible. For the purpose of the present paper, there- 
fore, we have been content to deal with the determination 
of the chromatic threshold for the wave-lengths in question 
and of their variation from the center to the periphery of the 
retina, which work has an interest of its own independent of 
its bearing on a determination of comparative sensitivities, 
and to reserve a report on the more strictly quantitative fea- 
tures of the general problem for a later paper. In making 
these determinations it was our intention to work at near- 
lying points from the center to the periphery of the retina in 
several meridians. The work was interrupted, however, by 
the pressure of other investigations when the determinations 
had been made in only two meridians, the temporal and the 
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nasal. Results can be given at this time, therefore, for only 
these two meridians. 


ConDITIONS UNDER WHICH THE WorK was DONE 


The determinations were made under the following con- 
ditions. (1) The colored lights used were taken from the 
spectrum. There are two reasons for this in an investiga- 
tion of the kind here undertaken. (a) The stimuli should be 
as homogeneous with regard to the visible wave-lengths as 
possible,! and (b) they should be free from the infra-red and 
ultra-violet radiations which would affect the thermopile 
used to measure the intensity of light, but not the eye. The 
stimuli employed were a narrow band of red in the region of 
670 uu; of yellow in the region of 581 uu; of green in the region 
of 522 wu; and of blue in the region of 468 wu. The breadth 
of analyzing slit used in isolating these bands was maintained 
constant ato.5mm. ‘The range of wave-lengths obtained was 
approximately 660-680 wu; 575-587 uu; 518-526 uy; and 468 
—474 uu. The spectrum was gotten and the different wave- 
lengths were presented to the eye by means of the apparatus 
described in the Journal of Experimental Psychology, 1916, 
1, pp. 247-284: ‘A Spectroscopic Apparatus for the Investi- 
gation of the Color Sensitivity of the Retina, Central and 
Peripheral.’ In every case the light was examined for im- 
purities at the analyzing slit by means of a smail Hilger direct 
vision spectroscope provided with an illuminated scale. 
When found, impurities were absorbed out by thin gelatines 
selected so as to cut out as little of the useful light as pos- 

1 The presence of the alien visible wave-lengths affects the results of a determina- 
tion of chromatic sensitivity in two ways: (a) through physiological inhibitions and 
interactions it decreases the amount of the color response, and (4) it increases the energy 
measurement. In their work on the determination of the visibility of radiation in the 
red end of the visible spectrum, Hyde and Forsythe (Astrophysical Journal, 1915, 
44, p. 289) found impurities in the prismatic spectrum to the value of about 20 per 
cent., at 0.764. In our own work both on achromatic and chromatic sensitivity 
determinations made with and without provisions for absorbing the scattered light, 
show differences in result which are great enough to be considered of significance. 
This is true in particular for determinations of chromatic sensitivity, in which case the 
chromatic response may be reduced quite appreciably as a result of the physiological 
interactions produced by the alien wave-lengths. In some cases, for .xample, even 
the complementary wave-lengths may be present. 
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| 
sible. These gelatines were placed over the analyzing slit 
and were held in position by short clips fastened to the front 
surface of the jaws the edges of which formed the slit. 

(2) The determinations of the threshold were made in 
energy terms. Measurements were made at two places: at 
the analyzing slit and at the eye. In making the threshold 
determinations of the stimulus light it was found to be con- 
venient first to make the colors all equal in energy value. 
The reductions needed for the equalization were made by 
appropriate adjustments of the collimator slit. Since the 
blue represents the smallest amount of energy of any of the 
colors employed, they were all made equal in energy to the 
blue of the spectrum used, namely, the prismatic spectrum 
of a Nernst filament operated by 0.6 ampere of current. 
From this intensity they were reduced to the threshold by 
means of the especially constructed sectored discs described 
in an earlier paper,! and the energy values computed from 
the simple law of the disc. These discs, it will be remem- 
bered, were cut from hard sheet aluminum, No. 20 B. and 
S. gauge, 0.9 mm. thick, and of two sizes for just noticeable 
difference determinations, 19.5 and 17 cm. in radius. The 
total variation of range of open aperture is from 0° to 
348.75°. A strong objection to the use of sectored discs 
when fine changes are needed such as are required, for exam- 
ple, in threshold and just noticeable difference work, is the 
difficulty of obtaining and measuring accurately sufficiently 
small amounts of change. Such discs are ordinarily con- 
structed with two or more open sectors and a change in one 
is multiplied as many times as there are open sectors. More- 
over, an error made in the measurement of one sector is 
multiplied by the number of open sectors. This latter diffi- 
culty becomes especially significant in working with intens- 
ities at or near the threshold, where a small error may repre- 
sent a high percentage of the total open sector. We have 
sought to overcome these difficulties in three ways. (1) 
Our discs for a low total aperture are so constructed that one 
sector may be varied ata time. (2) The sector is moved by 


1 Journal of Experimental Psychology, 1916, 1, pp. 271-274. 
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means of a micrometer screw. This device for minute changes 
in the value of the open sector is so constructed as to be readily 
attached and removed from the disc. And (3) a special pro- 
tractor has been designed fitted with a movable arm carry- 
ing a knife edge and Vernier scale graduated to read to min- 
utes. Obviously some such precise means of making and 
measuring small changes in the disc are of prime importance 
in the work of determining the threshold and just noticeable 
difference. If such means are not at hand the average error 
of setting and measurement is apt to exceed that of the sense 
judgment. 

The method of making the energy measurements by means 
of a thermopile has already been described in a previous 
paper. However, because the procedure is as yet somewhat 
unfamiliar it may not be out of place to give again brief 
description of how the measurements are made. A descrip- 
tion at one of the places at which they were made, namely 
the analyzing slit, will be sufficient to show in a general way 
the method we have employed. The thermopile to be used 
was placed in position immediately behind the slit and a 
blackened aluminum shutter was interposed in the path of 
the beam of light between the slit and the end of the objec- 
tive tube of the spectroscope. Preliminary to the exposure 
of the thermopile to the light to be measured, the current 
sensitivity of the galvanometer was tested by means of a 
special device! provided for this purpose in the construction 
of the galvanometer. With regard to this procedure it may 
be pointed out that the current sensitivity of the galvanom- 
eter varies with the period or time of the single swing of its 
needle system. Since it is not possible to control the field so 
as to get this period always the same, it is necessary, if re- 
sults are to be compared, to take some sensitivity as standard 
and to convert all readings into deflections for the standard 
sensitivity by means of a correction factor determined at 
each sitting. For a detailed description of the method of de- 

1 This device consists of a special galvanometer coil, dry battery circuit, and switch 


board with finely graduated resistance. For a description of this device, see ‘Radio- 
metric Apparatus for Use in Psychological and Physiological Optics,’ Psycuo. Rev. 


Monoe., 1917, 24, No. 2, pp. 63-65. 
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termining this factor, see PsycHot. Rev. Monoe., 1917, 24, 
No. 2, pp. 60-65. 

The thermopile was next connected with the galvanom- 
eter and the light allowed to fall on its receiving surface until 
a temperature equilibrium was reached (ca. 3 sec. for our 
thermopile). The deflections were read by means of the tele- 
scope and scale and the readings are corrected to standard 
sensitivity by means of the factor previously determined. 
The final step in the process of measuring was the calibration 
of the apparatus, 1. ¢., the value of 1 mm. of deflection in 
radiometric units was determined for the area of thermopile 
exposed. To do this a radiation standard, the value of the 
radiations from which is already known, had to be employed. 
The standard used by us was a carbon lamp specially sea- 
soned and prepared for the purpose by W. W. Coblentz (4) 
of the radiometric division of the Bureau of Standards. This 
lamp was placed on a photometer bar 2 meters from the ther- 
mopile and operated at oné of the intensities for which the 
calibration was made, in our case 0.40 ampere. ‘The ther- 
mopile was exposed to its radiations with the same area of 
receiving surface as was used in case of the lights measured, 
and the ga!vanometer deflection was recorded. From the 
deflections obtained the value of 1 mm. of deflection, or the 
radiation sensitivity of the apparatus under the conditions 
given, was computed from the known amount falling on the 
surface of the thermopile. Having the factor expressing the 
radiation sensitivity of the apparatus, the deflections pro- 
duced by the wave-lengths of light measured were readily 
converted into energy units. The radiation sensitivity of 
the linear thermopile used by us was computed in a given 
case, for example, from the following data. The energy 
value of the radiations per sq. mm. at a distance of 2 m. from 
the standard lamp operated by 0.40 ampere was 90.70 X 1078 
watt. The deflections of the galvanometer produced by this 
intensity of radiation falling on the same area of receiving sur- 
face as was used in measuring the lights employed as stimuli, 
when corrected (a) to a sensitivity of i = 1 X 10~” ampere, 
and (b) for the absorption of the glass cover of the thermo- 
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pile, was 346.870 mm. The area of the surface exposed was 
4-400 sq.mm., and the time of exposure was 3 sec. The 
sensitivity of the instrument per sq. mm. of receiving surface 
was, therefore, 115 X 107 watt. By means of this factor 
the galvanometer readings produced by the different wave- 
lengths of light may readily be converted into the energy 
value of light falling on the receiving surface of the thermo- 
pile. 

(3) The field surrounding the stimulus, and the preéxpo- 
sure were always maintained as nearly as possible at the same 
brightness as the stimulus at the threshold value of sensation. 
For want of better pigment materials these surfaces were 
made fiom the Hering standard gray papers. It was found 
to be necessary to change the brightness of the surrounding 
field and preéxposure frequently for each stimulus because the 
brightness value of the color at the chromatic threshold 
changed quite rapidly from the center to the periphery of the 
retina. ‘There were two causes for this change. (a) The 
intensity of the light had to be increased quite a great deal 
from center to periphery to give the chromatic threshold 
from point to point; and (4) the achromatic value of the colors 
does not remain the same from the center to the periphery 
of the retina. The gray that matched the stimulus in achro- 
matic value at each point was determined by the equality of 
brightness method.! With reference to these determinations, 
it may be said that with the stimulus reduced to the chro- 
matic threshold the color difference between the stimulus and 
the gray was so small that the equality of brightness judg- 
ment was not difficult to make. The match was made in 
every case for the part of the retina under investigation. It 
had to be attained by a series of approximations. That is, 
the threshold was first obtained at the given point with no 
especial control of brightness of preéxposure and surrounding 

1 The Hering papers did not present a sufficiently wide range of reflection coeffici- 
ents to match the brightness range of the threshold value of the stimulus light from the 
center to the periphery of the retina. For example, at the threshold of sensation at 
the center of the retina, the darkest of the Hering papers illuminated by the rather strong 
light of the room was brighter than the stimulus light; and in the far periphery of the 


retina through a zone varying in breadth from 2 to 13 degrees for the different colors, 
the lightest of this series of papers was darker than the stimulus color. 
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field. The brightness of preéxposure and surrounding field 
was then made to match this value of the stimulus and the 
threshold was redetermined. This procedure was repeated 
until a threshold was obtained that required no further 
change in these surfaces to match it in brightness. In order 
to make the specification of the brightness of the preéxposure 
and the surrounding field independent of the illumination 
of the room and of the variability of the reflection coef- 
ficients of different issues of the Hering papers, the brightness 
was in each case determined in candlepower per sq. in. This 
determination was made by means of a Sharp-Millar portable 
photometer with the test plate removed. The instrument 
was calibrated against a magnesium oxide surface obtained 
by depositing the oxide from the burning metal. By this 
method the reflecting surfaces were used as detached test 
plates. The readings were converted into candlepower per 
foot candles 
mw X 144 
For the sake of reproducibility of conditions from time to 
time in a given laboratory or in different laboratories, it is 
obvious that a photometric specification should be given in 
all cases not only of the general illumination of the room but 
of the brightness of all surfaces for which precision of control 
is of importance to the results of the work. 

(4) The illumination of the room was kept at a constant 
value. Two features are necessary for this control. (a) A 
means must be had of detecting small changes of illumination. 
This may be accomplished by a portable photometer of the 
Sharp-Millar or Macbeth type, for example, furnished with 
a daylight screen, or of the simpler type described by the 
writers in a previous article (5). And (d) a means must be 
had also of producing small variations in the illumination of 
the room, else the changes due to fluctuations in the external 
light can not be compensated for with the precision and min- 
uteness of control that is needed. This is accomplished in 
our optics room by two systems of thin white curtains running 


sq. in. by the following formula: Brightness = : 


1 By multiplying these values in turn by 486.8 they may be converted into milli- 
lamberts, a term frequently used by engineers to specify small brightness quantities. 
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on spring rollers beneath the skylight. One of the systems 
of white curtains and the light-proof curtain run lengthwise 
of the room; the other system of white curtains runs across 
the room. By means of the white curtains either small local 
or small general changes can be produced in the illumination 
of the room; and by means of the light-proof curtain larger 
changes may be produced ranging from full illumination to 
the darkness of a moderately good dark room. The light- 
proof curtain is of a breadth equal to that of the room and 
runs in a deep light-tight boxing. The white curtains are 
narrower and are made to overlap at the edges. These cur- 
tains run on wire guides so distributed as to prevent any 
sagging or wrinkling. Above these curtains are pivoted 
two large diffusion sashes of glass ground on one side com- 
pletely filling the skylight opening. These sashes diffuse the 
light in the room giving an even distribution of illumination 
and rendering, because of that fact, an even and precise con- 
trol easier to accomplish. In a careful specification of the 
conditions under which the work is done a very important 
item is to give a photometric specification of the illumination 
of the room. This may be done in foot or meter-candles as 
desired. If the illumination is uneven it should be done sys- 
tematically throughout the room. If, on the other hand, it 
is pretty uniform, it is usually sufficient to give its value in 
three or more directions at the point of work. In case of the 
present work, for example, the value of the horizontal com- 
ponent was 30.49 foot candles; the vertical component, 121.95 
foot candles; and the 45 degree component, 82.97 foot candles. 

(5) The amount of light entering the eye was made inde- 
pendent of variations in the size of the pupil. Independence 
of change in size of pupil was especially ner 'ed in this work 
because of the large variations in the intensity of light used. 
Such control is very easy to accomplish with the means of 
presenting the light to the eye that is used in our apparatus. 
All that is needed is to keep the image that falls on the pupil 
of a constant size and smaller than the pupil throughout its 
entire range of variations in the given series of experiments. 
Not only can this variation be determined in preliminary 
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experiments as a guide to the size of the image that is needed, 
but the image itself can be compared with the pupil at each 
observation. For details of the method of exercising this 
control see ‘A Substitute for an Artificial Pupil,’ Psycuot. 
REv., 1916, 23, 380—-383.! 


RESULTS 


A statement of the results of the investigation is given 
in Tables I—-VIII. The nearness of the points investigated 
to each other was determined by the rapidity with which the 
sensitivity decreased in the meridian in question. In those 
regions in which the decrease was gradual the determinations 
were made at points separated by as much as 5 degrees. In 
regions, however, where the rate of decrease was rapid or un- 
usual features were present, the determinations were made 
at points separated only by 1 degree. A graphic represen- 
tation of the results of these tables is given in Charts I-IV. 
In these charts degree of eccentricity is plotted along the 
abscissa and the value of the threshold in watts (10’ ergs per 
sec.) is plotted along the ordinate. In Charts I. and II. the 
values of the threshold from the center of the retina to the 
limits of sensitivity are plotted. In case of the red, yellow 
and blue, it will be remembered from statements made in 
former papers that the limits of sensitivity for lights of high 
intensity coincide with the limits of the field of white light 
vision. ‘This, however, was not the case for the green stimu- 
lus. By no increase of intensity were we able to make the 
limits of green sensitivity coincide with the limits of white 
light vision. In Charts III. and IV. the above values from 
the center of the retina through the region of gradual de- 
crease of sensitivity are plotted on a larger scale. This is 
done because when plotted on the scale used in Charts I. and 

1 Since the article referred to above was published we have devised and constructed 
a very convenient attachment for our analyzing slit by means of which the length 
of aperture of the slit may be varied by half millimeter steps. Space will not be taken 
here for a detailed description of this device. In brief, it consists of two knife edged 
jaws moving in the vertical, operated by means of a ratchet and spring. Still finer 
control could be secured, of course, by means of a micrometer screw. Constructed in 


this latter form the device would be very serviceable as a means of producing finely 
graded changes of intensity. 
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II. the curves fall so closely together that the relative sensi- 
tivities to the four colors are not clearly represented. That is, 
the range of the values for the threshold from the center to 
the extreme periphery of the retina is so great that in Charts 
I. and II., in which the entire range is represented, a scale 
value had to be chosen which is so large as almost to obscure 
the smaller differences in relative sensitivity to the different 
colors in the region of gradual decrease in sensitivity. 


TaBLe I| 
Curomatic THRESHOLDS FoR Rep, Nasat MERIDIAN 


In this table are given the values of the threshold for red (670 wu) at 22 points in 
the nasal meridian. The intensity of light at the analyzing slit was 94.27 X 107% watt. 


Value of Threshold 
Surrounding | 

Excentricity | (Candle-power Degrees Campimeter  Campimeter | Light at Eye 

per Sq. In.) Open Sector Opening and | Opening (Watt X 10-2 

at Eye | (Watt X ro“l2 | per Sq. Mm.) 

(Watt X 10-2) sper Sq. Mm.) 
° 0.000764 0.375 30.80 | 0.174 9.34 
5 0.000764 0.375 30.80 | 0.174 9-34 
10 0.000764 0.438 36.00 | 0.203 10.90 
14-17 Blind Spot | 

20 0.000764 0.75 61.70 | 0.349 18.68 
25 0.002125 1.00 82.20 | 0.465 24.90 
30 0.003744 2.50 205.50 1.163 62.25 
35 0.005088 3-75 308.30 1.744 93.38 
40 0.005088 4.00 328.80 1.860 99.60 
45 0.005210 4.50 369.90 2.093 112.05 
50 0.005210 5.00 411.00 2.325 124.50 
55 0.005902 6.00 493.20 2.790 149.40 
60 0.006268 8.00 657.60 3.720 199.20 
65 0.006838 12.25 1007.00 5.696 305.00 
70 0.007408 20.00 1644.00 9.300 498.00 
75 0.01140 23.00 1890.60 10.695 572.70 
80 0.01262 26.00 2137.20 12.090 647.40 
82 0.01587 34.00 2794.80 15.810 846.60 
85 0.02116 50.00 4110.00 23.250 1245.00 
87 0.02686 114.00 9370.80 53.010 2838.60 
88 0.03093 180.00 14796.00 83.700 4482.00 
go 0.05088 270.00 22194.00 125.550 6723.00 
92 0.05088 338.00 27783.60 157.170 8416.20 


In this and the following tables the light was taken from the spectrum of a Nernst 
filament operated by 0.6 ampere of current. In all cases the preéxposure and surround- 
ing field were made as nearly as possible the same brightness as the stimulus. 


With reference to the results given in Tables I.—-VIIL., 
the following points may be noted. (1) The characteristics 
of response of the eyes for which results are given have been 


CHROMATIC THRESHOLDS OF SENSATION 27 


very widely investigated for both central and peripheral vis- 
ion. They have been chosen for this and other work espe- 
cially because of their normality and practised precision of 
behavior. Their spectrum luminosity curve, for example, 
agrees (6) very closely with the average curve obtained by 


Tas_e II 


Curomatic THRESHOLDS FoR RED, TEMPoRAL MERIDIAN 
In this table are given the values of the threshold for red (670 wy) at 25 points 
in the temporal meridian. The intensity of light at the analyzing slit was 94.27 X 
1078 watt. 


Value of Threshold 
Surrounding : it 
Degree of a Density of 

Excentricity (Candle-power Degrees Campimeter Campimeter ae at Eye 

per Sq. In.) Open Sector Opening and Opening (Watt X 10712 

at Eye (Watt X 10-2 | per Sq. Mm.) 

(Watt x 10-12) | per Sq. Mm.) 

° 0.000764 0.375 30.80 0.174 9.34 
5 0.000764 0.375 30.80 0.174 9-34 
10 0.000764 0.438 36.00 0.203 10.90 
15 0.000764 0.75 61.70 0.349 18.68 
20 0.002125 1.00 82.20 0.465 24.90 
25 0.003867 2.75 226.10 1.279 68.48 
30 0.005902 8.00 657.60 3.720 199.20 
33 0.006431 14.00 1150.80 6.510 348.60 
35 0.007408 17.00 1397.40 7.905 423.30 
40 0.01404 29.00 2383.80 13.485 722.10 
44 0.01791 38.00 3123.60 17.670 946.20 
45 0.02686 104.00 8548.80 48.360 2589.60 
46 0.03093 160.00 13152.00 74.400 3984.00 
47 0.03663 216.00 17755-20 100.440 5378.40 
48 0.03663 216.00 17755.20 100.440 5378.40 
49 0.03663 216.00 17755.20 100.440 5378.40 
50 0.03663 216.00 17755-20 100.440 5378.40 
Sr 0.03663 216.00 17755.20 100.440 5378.40 
52 0.03663 216.00 17755-20 100.440 5378.40 
53 0.03663 216.00 17755.20 100.440 5378.40 
54 0.03663 216.00 17755.20 100.440 5378.40 
55 0.03663 245.00 20139.00 113.925 6100.50 
58 0.05088 270.00 22194.00 125.550 6723.00 
60 0.05088 300.00 24660.00 139.500 7470.00 
61 0.05088 315.00 25893.00 146.475 7843.50 


Nutting (7) for 18 observers. Also their normality of chro- 
matic response has, at various times, been checked up by a 
number of observers. Data on this point may be found in 
nearly all of the work that has been published from this lab- 
oratory. In case of the present work the systematic point 


by point determination has been made only upon the one 
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Cuart II. Chromatic Thresholds for the Four Colors, Temporal Meridian. 
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represented. 
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observer. However, one or more check observers have been 
used on points of the work of especial importance to theory, 
such as the irregular distribution of sensitivity to the pairs 
of colors, the criss-crossing or interlacing of limits, the areas 
analogous in type to the Schumann case of color-blindness, 
the deficiency of sensitivity of the far periphery of the retina 
to green, and the inability to get a red or green that is stable 
in color tone for all parts of the retina. 


Tas_e III 
Curomatic THRESHOLD FoR YELLow, 
In this table are given the values of the threshold for yeuow (581 wu) at 23 points 
in the nasal meridian. The intensity of light at the analyzing slit was 93.10 X 1078 
watt. 


Value of Threshold 
Suveunding | Total Amount Density of 
Degree of Light at Light at Density of 
Excentricity | (Candle-power Degrees | Campimeter | Campimeter Light at Fye 
per Sq. In.) Open Sector | Opening and | Opening ay (Watt X 10712 
| at Fye | (Watts X 10-2 | per Sq. Mm.) 
| (Watt x 107?) | per Sq. Mm.) | 
° 0.002125 0.20) | 16.30 | 0.092 4.94 
5 0.002125 | 0.25 20.40 | | 6.175 
10 0.002125 | 0.37 30.56 0.172 9.263 
14-17 Blind Spot 
20 0.003378 0.75 61.13 0.346 18.525 
25 0.003867 | 101.88 | 0.576 30.875 
30 0.006431 | 2.375 | 193.56 | 1.094 58.663 
35 0.006919, 2.875 | 234.31 | 1.325 71.013 
40 0.006956 3.50 285.25 | 1.614 86.450 
45 | 0.007326 | 4-50 | 366.75 2.074 III.150 
50 0.007408 4.875 | 397-31 2.247 120.413 
55 0.007408 4.875 | 397-31 2.247 120.413 
60 0.007977 | 5.00 | 407.50 | 2.305 123.500 
65 | 0.008547 | 5-125 | 417.69 | 2.363 126.588 
70 | 0.009768 | 5-75 468.63 2.651 142.02 
75 | OQO114O0) | 6.75 550.13 | 3.112 166.725 
80 0.01384 8.00 652.00 3.688 197.600 
85 | oo1gog | 10.75 876.13 4.956 265.525 
87 | 0.01 587 | 22.00 1793.00 10.142 543-400 
88 | 0.02523 | 38.00 3097.00 17.518 938.600 
89 | 0.03093 | 144.00 11736.00 66.384 3556.800 
go | 0.05088 | 216.00 17604.00 99.576 5335-200 
gI | 0.05088 | 270.00 22005.00 124.47 6669.000 
92 | 0.05088 | 330.00 26895.00 152.130 8151.000 


(2) Up to 15-20 degrees the accuracy of the threshold 
values is doubtless lessened by the difficulty of making and 
reading the adjustments for such small open sectors, even with 
our micrometer device for making the adjustment and the 
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Vernier scale for reading it. On this account it mav well be 
that the threshold at the center is somewhat high for all of 
the colors, inasmuch as open sectors of less than one-tenth of 
a degree are rather infeasible to use. For the exact deter- 


TasBLe IV 


Curomatic THRESHOLDS FOR YELLOW, TEMPORAL MERIDIAN 
In this table are given the values of the threshold for yellow (581 wz) at 29 points 
in the temporal meridian. The intensity of light at the analyzing slit was 93.10 X 
10° watt. 


Value of Threshold 
Suvounting Total Amount Density of 
Degree of gone ‘ae of Light at Light at Density of 

Excentricity | (Candle-power Degrees Campimeter Campimeter Light at Eye 

per Sq. In.) Open Sector Opening and Opening (Watt X ro“? 

at Eye (Watt X ro“? | per Sq. Mm.) 

(Watt X 10o-!2) | per Sq. Mm.) 
° 0.002125 0.20 16.30 0.092 | 4-94 

5 0.002125 0.25 20.38 O.115 6.175 
10 0.003175 0.50 40.75 0.231 12.350 
15 0.003378 0.625 50.94 0.288 15.438 
20 0.003456 0.75 61.13 0.346 18.525 
25 0.003867 0.875 71.31 0.403 21.613 
30 0.005210 1.125 91.69 0.519 27.788 
33 0.005779 1.50 122.25 0.692 37.050 
34 0.007326 2.75 224.13 1.268 67.925 
35 0.009768 4.50 366.75 2.075 III.150 
36 0.01140 7.00 570.50 3.227 172.900 
37 0.01262 9.00 733-50 4-149 222.300 
38 0.01262 11.25 916.88 5.186 277.875 
39 0.01262 12.50 1018.75 5.763 308.750 
40 0.01262 11.00 896.50 5.071 271.700 
41 0.01262 10.00 815.00 4-610 247.000 
42 0.01262 9.50 774-25 4-380 234.650 
43 0.01262 9.00 733-50 4-149 222.300 
44 0.01262 11.50 937.25 5-302 284.050 
45 0.01404 26.00 2119.00 11.986 642.200 
46 0.01791 42.00 3423.00 19.362 1037.400 
47 0.02686 106.00 8639.00 48.866 2618.200 
48 0.05088 180.00 14670.00 82.980 4446.000 
50 0.05088 240.00 19560.00 110.640 5928.000 
52 0.05088 270.00 22005.00 124.470 6669.000 
55 0.05088 304.00 24776.00 140.144 7508.800 
58 0.05088 330.00 26895.00 152.130 8151.000 
60 0.05088 340.00 ‘27710.00 156.740 8398.000 
61 0.05088 350.00 28525.00 161.350 8645.000 


mination of the absolute values of the threshold in this part 
of the retina, the discs can be used with more accuracy when 
a substantial reduction is first made by means of some other 
device. In considering the absolute values given above, the 
state of general adaptation of the eye must also be kept in 
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mind. The horizontal component of illumination at the 
point of work was, it will be remembered, 30.49 foot-candles; 
the vertical component, 121.95 foot-candles; and the 45 de- 
gree component, 82.97 foot-candles. 


TaBLe V 


CuromatTic THRESHOLDS FoR GREEN, NasAL MERIDIAN 
In this table are given the values of the threshold for green (522 wu) at 23 points 
in the nasal meridian. The intensity of light at the analyzing slit was 91.50 X 1078 


watt. 


Valne of Threshold 


Surrounding 
Field and Pre- Total Amount Density of 
Degree of exposure of Light at Light at Density of 
Excentricity. (Candle-power Degrees pi Campi Light at Eye 
Open Sector Opening and Opening (Watt x 107123 

per Sq. In.) tas 
at Eye (Watt x 10-12 | per Sq. Mm.) 
(Watt X10-!) | per Sq. Mm.) 


0.002125 0.045 
0.002125 0.045 
0.002125 0.057 


0.003175 
0.003378 
0.003744 
0.003867 
0.005210 
0.005779 
0.005983 
0.006268 
0.006919 
0.007408 
0.007977 
0.008954 
0.01018 
0.01425 
0.02116 
0.02686 
| 0.03093 
| 0.03663 

| 0.05088 

| 0.05088 8196.500 


(3) The numerical values in Column 1 of these tables 
represent, of course, points in the field of vision. What the 
corresponding points on the retina are, could not be deter- 
mined without knowing the net displacement, if there be such 
displacement, of the image towards the principal axis of the 
refracting system as the beam of light enters the eye more 
and more obliquely. Just what the factors are that might 
contribute to this displacement in a refracting system so 


| 2.425 
5 | 2.425 
10 | | 3.031 
14-17 | ind spot | 
20 
25 
30 
35 
40 
45 
48 
50 
SI 
52 
55 
57 
59 
61 
63 
65 
66 
67 
68 
69 
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complex as that of the eye, is somewhat difficult to deter- 
mine. The following are perhaps worthy of consideration: 
the difference in the optical density of the media traversed 
by the incident and the emergent rays, and the greater com- 
bined refracting power of the cornea and the anterior surface 
of the lens than of the posterior surface of the lens. Another 


TasLe VI 


Curomatic THRESHOLDS FOR GREEN, TEMPORAL MERIDIAN 
In this table are given the values of the threshold for green (522 wu) at 19 points 
in the temporal meridian. The intensity of light at the analyzing slit was 91.50 X 
10-8 watt. 


| Value of Threshold 


Surrounding 


| Fi - Total Amount Density of 

Degree of “oo sip of Light at Light at Density of 
Excentricity | (Candle Power Degrees Campimeter Campimeter Light at Eye 
per Sq. In.) Open Sector Opening and Opening (Watt x 10712 
at Eye (Watt x | per Sq. Mm.) 
(Watt x 10-2) | per Sq. Mm.) 


0.002125 0.045 2.425 
0.002125 J 3.031 
0.005779 . . 36.375 
0.02116 2425.000 
0.02 523 J 3497-000 
0.02 | 4365.000 
0.03093 : 5480.500 
0.03663 | 6547-500 
0.05088 ‘ : 151.755 | 8123.750 


thing which should be taken into consideration in the use of 
the campimeter, is the fact that the front of the cornea, and 
not the optic center of the refracting system of the eye 
(roughly speaking), is the point from which the graduations 
on the instrument are laid out. From considerations such 
as these, it can be understood, perhaps, why an object of an 
excentricity of 92° as read on the campimeter scale, or approx- 
imately 2° back of the plane tangent to the anterior surface 
of the cornea at or near the point of entrance of the line of 
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regard, is still visible. In this connection the difference in 
the curvature of the cornea of different eyes should also be 
taken into account. 


TasLe VII 
Curomatic THRESHOLDS FoR Nasat 


In this table are given the values of the threshold for blue (468 wuz) at 26 points 
in the nasal meridian. The intensity of light at the analyzing slit was 91.97 X 1078 
watt. 


| Value of Threshold 


es Total Amount of Density of 


Degree of | exposure. Light at Campi- Light at Density of 
Excentricity | (Candle-power Degrees meter Opening | Campimeter Light at Eye 
| per Sq. In.) Open Sector and at Eye Opening (Watt x 10712 
(Watt 10-22 | (Watt x 10-22 
per Sq Mm.) | per Sq. Mm.) 


0.000764 8.06 0.046 
0.000764 : 8.06 0.046 
0.002125 .167 13.40 0.076 


0.002125 : 20.15 O.114 
0.002125 : 20.15 0.114 
0.003175 20.15 
0.003378 30.23 
0.003456 30.23 
0.003744 : 40.30 
0.003744 50.38 
0.003867 90.68 
0.003867 120.90 
0.003867 120.90 
0.003867 : 141.05 
0.003867 d 151.10 
0.003989 241.80 
0.005210 967.20 
0.005779 . 2337-40 
0.006956 t 6609.20 
0.01262 i 9349.60 
0.03093 id 14749.80 
0.03093 15958.80 
0.03663 18860.40 
0.03663 22326.20 
0.05088 j 23777.00 
0.05088 : 26436.80 


That there is this wide extension of the field of vision in 
the temporal meridian seems to be well established by other 
investigators. Baas, for example, quoted by de Schweinitz 
(8), finds the average limit for ten observers to be 99°. Tra- 
quair (9) and others also find the limits to extend beyond go°. 
In our own work we have found it to be carried out as far 
as 92° in a number of cases. For the explanation of this 


° | 2.440 

5 | 2.440 
10 | 4.067 

14-17 Blind Spot 

20 6.100 
25 6.100 
30 6.100 
35 9.150 
40 9.150 
45 12.200 
50 15.250 
55 27-450 
60 36.600 
65 36.600 
70 | 42.700 
75 45-750 
76 | 73.200 
77 292.800 
78 707.600 
80 | 2000.800 
83 2830.300 
85 4465.200 
86 | 4831.200 
87 5709.600 
88 6758.800 
90 | 7198.000 
92 | 8003.200 
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VIII 


Curomatic THRESHOLDS FOR BLuE, TEMPORAL MERIDIAN 
In this table are given the values of the threshold for blue (468 wy) at 26 points 
in the temporal meridiam. The intensity of light at the analyzing slit was 91.97 X 
1078 watt. 


Value of Threshold 


Degree of 
Excentricity 


Surrounding 
Field and Pre- 
exposure. 
(Candle-power 
per Sq. In.) 


Degrees 
Open Sector 


Total Amount 
of Light at 
Campimeter 
Opening and 


Density of 
Light at 
Campimeter 
Opening 


Density of 
Light at Fye 
(Watt X 10712 


(Watt X 10-2 


per Sq. Mm.) 
per Sq. Mm.) 


at Eye 
(Watt X 10712) 


0.046 
0.046 
0.046 
0.076 
0.114 
0.171 
0.285 
0.342 
0.456 
0.570 
1.026 
1.824 
3.192 
36.480 
54-720 
74-784 
123.120 


0.000764 
0.000764 
0.000764 
0.002125 
0.002125 
0.003175 
0.003378 
0.003456 
0.003456 
0.003744 
0.003867 
0.005088 
0.005779 
0.01262 

0.03093 

0.03093 

0.03663 


21762.00 
18860.40 
14508.00 
18538.00 
20150.00 
21762.00 
23374.00 
24663.60 
27242.80 


123.120 
106.704 

82.080 
104.880 
114.000 
123.120 
132.240 
139-536 
154.128 


0.03663 
0.03663 
0.03663 
0.03463 
0.03663 
0.05088 
0.05088 
0.05088 
0.05088 


fact there is of course the alternative possibility of a loss of 
exact fixation, which possibility we have not ignored in our 
own thinking. However, if there is a loss of fixation, we have 
not been able to detect it by any means we have as yet been 
able to devise. 


Discussion OF RESULTS 


From data such as are presented in these tables and charts 
the following comparisons may be made in so far as the thresh- 
old may be regarded as a measure of sensitivity: (a) the sen- 
sitivity to a given range of wave-lengths from point to point 
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° 0.10 | 8.06 2.440 
5 0.10 8.06 2.440 

10 0.10 | 8.06 2.440 

15 0.167 13.40 4.067 

20 0.25 20.15 6.100 

25 0.375 30.23 9.150 

30 0.625 50.38 15.250 

33 0.75 60.45 18.300 

35 1.00 80.60 24.400 

40 1.25 107.50 30.500 

41 2.25 181.35 54.900 
42 4.00 322.40 97.600 

43 7.00 564.20 170.800 

44 80.00 6448.00 1952.000 

45 120.00 9672.00 2928.000 

46 164.00 13218.40 4001.600 
46.5 270.00 21762.00 6588.000 

47-48 Blind to Blue 

49 270.00 6588.000 

50 234.00 5709.600 

52 180.00 4392.000 

55 230.00 5612.000 

56 250.00 6100.000 

57 270.00 6588.000 

58 290.00 7076.000 

59 306.00 7466.400 
61 338.00 8247.200 

i. 
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in the same meridian; (b) the sensitivity at corresponding 
points in different meridians; and (c) the sensitivity to the 
different wave-lengths in any given meridian. From the lat- 
ter comparison, if properly made, an estimate of the selec- 
tiveness of the chromatic response at the threshold of sensa- 
tion may be had. In making these comparisons several 
points of interest may be noted. 

(1) The Irregularities in the Curve of Sensitivity for the 
Different Colors in a Given Meridian.—The rate of decrease in 
sensitivity after a certain degree of excentricity has been 
reached shows a great irregularity for the individual colors. 
This irregularity is greater in the temporal than in the nasal 
meridian. The following are some of the more notable ex- 
amples. (a) The plateau in the curve for red in the tem- 
poral meridian. That is, the curve representing the amounts 
of energy required to arouse the just noticeable red sensation 
in this meridian rises almost imperceptibly from the center 
of the retina to about 20 degrees. From there it rises sharply 
to about 44 degrees. From 44 to 47 degrees the curve is almost 
vertical. Between these two points the energy required to 
arouse just noticeable sensation changes from 31.236 X 107! 
177.552X10 watt. From 47 to 54 degrees occurs the pla- 
teau referred to. Between these two points there is prac- 
tically no change in sensitivity. (b) The hump in the curve 
for yellow in the temporal meridian occurring between 33 and 
43 degrees. From 36 to 39 degrees there is a sharp drop in sen- 
sitivity and from there to 43 degrees almost as sharp a rise. 
Between 36 and 39 degrees the energy required to arouse just 
noticeable sensation changed from 5.705 X 107'° to 10.188 
xX 107 watt. This is an area of deficiency or partial blind- 
ness to yellow. There is in this area no corresponding loss 
in sensitivity to the blue stimulus nor to the other colors. 
Moreover, there is no detectable change in the cancelling or 
after-image reactions to yellow. ‘That is, this area shows the 
characteristics of the Schumann case of color blindness. (c) 
The quick rise in the curve for all of the colors near the limits 
of sensitivity. This feature is very marked both in the nasal 
and temporal meridians, but more marked in the nasal than 
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in the temporal meridian. In the temporal meridian the 
rise begins around 45 degrees for red, yellow and blue and at 
26 degrees for green. In the nasal meridian it begins around 
75 to 85 degrees for red, yellow and blue; and at 51 degrees 
for green. In this region were found the limits of sensitivity 
in our previous work with the Hering pigment papers with 
the degree of illumination, etc., employed. And (d) the area 
of total blindness to blue from 47 to 49 degrees in the temporal 
meridian. On all sides of this area is a border of lowered 
sensitivity, the sensitivity falling off quite sharply as the 
area is approached. This area also shows the characteristics 
of the Schumann case of color blindness. That is, there is 
no corresponding decrease in sensitivity to yellow, red or 
green and no corresponding change in the cancelling or after- 
image reactions. 

(2) The Great Difference in Sensitivity at Corresponding 
Points in the Temporal and Nasal Meridians, more Especially 
in the more Remote Portions of the Retina.—This difference is 
already so well known in a general way as to need no especial 
discussion here. Our data, however, may be considered as 
contributive in two regards: (a) the large number of points 
investigated and (b) the rating of the stimuli in units that can 
be compared numerically. In comparing the distribution of 
sensitivity at corresponding points in the two meridians it 
may be of interest among other things to note the difference 
in the order in which the sensitivity to the different colors 
falls off in case of red, yellow and blue as the limits of sensi- 
tivity are approached. So far as the relative sensitivity to 
red and green is concerned, this point bears upon the changes 
in the color tone of red in the two meridians in passing from 
the center to the periphery of the retina. As will be noted 
later in a more detailed statement of color tone changes, the 
red stimulus employed in the investigation was sensed as 
red in the nasal meridian from the center to 60 degrees, from 
60 to 86 degrees as yellowish red or orange, and 86 to 92 de- 
grees as red. Inthe temporal meridian it was sensed as red 
from the center to 30 degrees, from 30 to 47 degrees as yel- 
lowish red or orange and from 47 to 61 degrees as red. That 
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is, the zone in the far periphery of the retina in which the 
weakly aroused yellow ccmponent of the excitation is below 
the threshold in red, is relatively broader in the temporal 
than in the nasal meridian, as the relation of the curves of 
sensitivity to red and yellow would indicate should be the 
case. 

(3) The Striking Absence of Uniformity of Ratio of Sensi- 
tivity to the Pairs of Colors, Red and Green, and Blue and Yel- 
low, from Center to Periphery of the Retina.—From the center 
to about 27 degrees in the temporal meridian and about 51 
degrees in the nasal meridian, the sensitivity to green is 
greater than to red. At these points a radical reversal of 
sensitivity takes place and the sensitivity to red is much 
greater than to green. A reversal of sensitivity occurs also 
for blue and yellow; but at a point farther removed from the 
center of the retina, namely, at about 44 degrees in the tem- 
poral meridian and at about 77 degrees in the nasal meridian. 
Even up to the points of reversal with their radical deviations 
in relative sensitivity, an inspection of the charts, especially 
III. and IV., will show how very little ground there is for 
any claim that constancy of ratio exists between the colors 
red and green, and blue and yellow from center to periphery 
of the retina. (A further discussion of this point will be 
given in the second part of this paper: ‘Bearing of Results 
on Color Theory.’) 

And (4) the Correspondence of the Distribution of Sensitivity 
to Red, Green and Yellow with what might be expected from the 
Changes in the Color Tone of Red and Green in Passing from 
the center to the periphery of the retina.—For example, in pass- 
ing from the center to the periphery of the retina the red stim- 
ulus used in making the threshold determinations given in 
the foregoing curves was sensed as red from the center to 
about 60 degrees; from 60 degrees to about 86 degrees it was 
sensed as a yellowish red or orange; and from 86 degrees to 
the limits of sensitivity it was sensed again as red. Corre- 
sponding to this, it will be noted that there is in this meridian 
a fairly close agreement in sensitivity to red and yellow from 
the center to about 60 degrees, at which point there is a rela- 
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tively sharp decrease in sensitivity to red. That is, from 
about 60 to 86 degrees there is much less sensitivity to red 
than to yellow. At about 86 degrees there is a sharp decrease 
in sensitivity to yellow, and from this point on to the limits 
of sensitivity a fairly close agreement again in sensitivity to 
the two colors. In the temporal meridian the red stimulus 
was sensed as red from the center of the retina to about 30 
degrees; from there to about 47 degrees as yellowish red or 
orange; and from 47 degrees to the limits of sensitivity as red. 
Similarly in this meridian there is a fairly close agreement in 
sensitivity to red and yellow from the center to about 30 de- 
grees; from 30 degrees to about 47 degrees there is consider- 
ably greater sensitivity to yellow than to red; and from this 
point on to the limits greater sensitivity to red than to yellow. 
In case of green, in the nasal meridian the greater loss in sens- 
itivity to green as compared with yellow begins at about 51 
degrees; and in the temporal meridian at about 26 degrees. 
Correspondingly at these points the green stimulus began to 
be sensed as yellowish green and continued to be sensed in 
this tone until the limits of sensitivity to green were reached, 


from which point on for a short distance it was sensed as 
yellow. 
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THE LEARNING CURVES OF THE ANALOGIES AND 
THE MIRROR READING TESTS 


BY F. A. C. PERRIN 


University of Texas 


The results of an experiment concerned with the learning 
curves of two mental tests are presented in this paper.! As 
regards the questions motivating the investigation and the 
general technique employed, the experiment is comparable 
with studies that have been reported by Wells (8) (9), Burt 
(1), Hollingworth (2) (3) (4), Thorndike (7), Myers (5), and 
others. It is possibly somewhat unique in one respect only, 
in that the content of the test material given to the subjects 
was new. The curves consequently represent the ability of 
the subjects to react to new content as the result of previous 
experience with similar content, and not their ability to im- 
prove as the result of the repetition of old material. 

The essential issue discussed in the series of studies re- 
ferred to is the relationship between the results of mental 
testing and the learning process. More specifically, four con- 
siderations are involved: (a) the relationship between initial 
tests and subsequent, average, maximum or final achievement; 
(b) the closely allied, but not identical, question of the extent 
to which individuals maintain throughout a practice series 
their relative positions established in the beginning trials; 
(c) the question of variability in performance as it is corre- 
lated with general excellence, complexity of the test, and dur- 
ation of practice; and (d) the various aspects of the approach 
to the physiological limit. 

These four considerations demand investigation in con- 


1 The tests were conducted in the Psychological Laboratory of the University of 
Pittsburgh during the academic year 1916-17. The subjects were selected from the 
undergraduate students in the department. The writer was most ably assisted in the 
experimental work by Miss Margaretta Weber, Miss Margaret Cochrane, Mr. A. W. 
Kornhauser and Mr. J. Russel Willison. 
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nection with the learning curve of any one test. An addi- 
tional differentiation includes the evaluation and classifica- 
tion of each test investigated in this manner as regards its 
correlation with intelligence and with other tests. More- 
over, the distinction should be noted between practice curves 
based upon a repetition of the same content and those con- 
structed as the result of reactions to new material. 

It is perhaps scarcely necessary to announce that the re- 
sults and conclusions set forth in the present paper are lim- 
ited in their scope and that their absolute verity is by no 
means insisted upon. The most serious difficulty encount- 
ered by the experimenter was in the attempt to compromise 
between an extensive and an intensive program of procedure. 
Repeated warnings have been issued to the student of men- 
tal tests as to the necessity of his employing a respectably 
large number of subjects before submitting his findings to 
statistical treatment; but it is interesting to note that simi- 
lar admonitions have not been imposed upon the investi- 
gator of the learning process. Such an investigator is now 
beginning to realize, however, that the correlation coefficient 
and its attendant measurements, as well as the graphic pre- 
sentation of results, are indispensable for the adequate inter- 
pretation of his results. They are employed in this article. 
The writer can offer as an excuse for his limited number of 
subjects only two facts: that the tests were individual and 
time-consuming, and that the war called a large number of 
his subjects before they had completed their practice series. 


Tue ANALoGIES TEST 


A series of 250 different analogues was prepared for this 
experiment. They were typewritten in groups of 5, with 5 
groups of 5 analogies on each of 10 pages, each page being 
numbered. Some of the analogues were obtained by com- 
bining various pairs of associates, given in the Woodworth- 
We'ls monograph (10). Others were original, some of them 
being local in character. 

The subjects reported at the laboratory once a week, at 


1 21 subjects completed the Analogies series, and 22 the Mirror Reading tests. 
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a fixed day and hour. At the beginning of each period each 
subject was given one page of analogies—z5, or one tenth of 
the entire series. The remainder of the period was devoted 
to the additional experiments described in an ensuing section 
of this paper. The learning series for the analogies thus ex- 
tended over 10 weeks. The experimenter gave the series 
orally, pronouncing the three stimulus words at intervals of 
one second, and recording the time with a seconds stop-watch. 
The watch was started as the first word was pronounced; it 
was stopped after the response word was spoken. The sug- 
gestion given by Woodworth and Wells, that time should be 
recorded at the instant that the subject begins to articulate 
his response, was not followed. In many instances the re- 
sponse was not accepted, and on these occasions the subject 
was informed of the fact and was forced to continue his 
search for the word while time was being recorded against 
him. In addition, it was thought that even when the first 
response was the proper one the procedure here followed pro- 
vided a more constant method of recording time than that 
suggested by these writers. 

The subject was given a maximum time of 60 seconds for 
his response. In instances of failure to respond properly he 
was credited with a response oi jike duration. Obviously, a 
mere disregard of failures would have affected the averages 
unfairly; but at the same time, a penalty greater than that 
imposed would have resulted in numerous unwieldy fluctu- 
ations in the curves. The procedure followed inflicted a suf- 
ficiently severe penalty for purposes of differentiating be- 
tween good subjects and poor, even though it favored the 
latter with a degree of charity almost absurd. 

The subjects were not given preliminary examples of the 
type of thing desired of them. It was thought that such a 
method would be entirely illegitimate in a learning experiment 
in which the initial scores were objects of investigation. A 
uniform statement was made to each subject, in which the 
exact nature of the task was explained as specifically as the 
omission of an illustration permitted. 

It was evident, before the experiments were inaugurated, 
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that the individual analogies were not of equal difficulty. It 
was further surmised that the relative degrees of difficulty 
encountered would vary with the individual subjects, rather 
than with the analogies themselves; but it was obviously im- 
perative to demonstrate that this second assumption was not 
entirely gratuitous. As a safeguard against the possibility of 
a chance series of increasing or decreasing difficulty, the pages 
were presented in different orders. Ten of the subjects were 
given the pages in their numbered order, from 1 to 10, while 
the remaining subjects were given them in the reverse order, 
from 10 to I. 

General Characteristics of the Results —All of the subjects 
improved with practice. A graphic representation of the 


Seconds 


ANALOGIES 


Curve of Group 
Curve of Group 10—1 ~----- 


Fic. 1. Group Curves of the Analogies Practice Series. 


fact is furnished by the curves in Fig. 1. Both of them are 
combination or group curves, based upon the records of the 
two respective groups, as indicated in the figure. As each 
point in either curve represents the average of 5 analogies, 
there are 50 points in the curves, each 5 of them in turn repre- 
senting a day’s practice. 

While a comparison of these two curves discloses a slight 
superiority on the part of one group, the degree of correspon- 
dence between them is sufficiently obvious to warrant the 
conclus:.on that the curves, in the main, show actual practice 
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effects. An essential feature of both is the initial improve- 
ment, generally found to characterize practice.! This im- 
provement is marked during the first 10 scores, or during the 
first two days. The ensuing parts of the curves are notice- 
able chiefly for their numerous fluctuations from a line show- 
ing a weak tendency to continue the slope towards the base 
line. Evidently, pronounced improvement was made only in 
the first stage of the learning. 

Improvement.—The significant results brought out by the 
data are concerned with (1) the range of improvement, (2) 
the correlation between the amount of improvement and the 
general excellence of the individual subjects, and (3) the ap- 
proach to the physiological limit. 

The fact has been stated that in each instance there was 
manifest :mprovement. Its amount was calculated by taking 
the first day’s record for each subject as 100% and computing 
the decrease in percentage terms found in the last day’s rec- 
ord. The difference between the initial 100% and the per- 
centage of the final record was taken to represent the per- 
centage of improvement. Thus, C’s average for the first day 
was 15.5 seconds, and his record for the last day was 4.3 sec- 
onds, representing a decrease of 73% over his first trial—the 
greatest improvement found. In contrast with this, the rec- 
ord of U begins with 4.1 seconds and ends with 3.8 seconds, 
showing the minimum improvement of 6%. The average 
percentage of improvement was 51.” 

It should be noted that the record of the final day was 
not necessarily the best. In fact, the average scores made on 
the ninth day were superior to those made on the tenth and 
last. But it was thought that the record following the great- 
est amount of practice was the most representative measure 
of the effect of that practice; moreover, the selection of the 
best individual scores would have meant records taken from 

1 Peterson’s distinction between the time curve and the curve of attainment is 
scarcely applicable in the present instance, since it represents a series of unit learning 


tasks performed with decreasing amounts of difficulty or endeavor, or with increasing 
amounts of attainment, as measured by time records. See Peterson, Joseph, op. 


cit. (6). 
? The significant numerical results are given in the table on page 61. 
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days 6, 7, 8, 9 and 10—a range rather too extensive for pur- 
poses of comparison. 

While introspections were not called for, the remarks vol- 
unteered by the members of the practicing group indicate 
the general subjective nature of the task. All of them re- 
ported that while the first tests were being conducted they 
were elaborating ideas of the kinds of relationships desired. 
Most of them say clearly that the relationships could be class- 
ified into five or six types. This rather elementary expla- 
nation, however, does not suffice for the improvement be- 
yond the initial stage. The alert subjects testified that, after 
they had fallen in with the general scheme of things, the cor- 
rect reactions came without any intermediary idea of the 
class of reaction called for. The slowest performers likewise 
dispensed with any connecting idea or concept. They stated 
frankly that their reactions were guesses, more or less wild, 
and it was evident that they relied upon the click of the stop- 
watch to inform them when their attempts were successful. 
An intensive conscious attack seemed to characterize neither 
the mentally alert nor the mentally slow; it was reserved for 
the intermediate class. The correct reactions for the ex- 
cellent subjects came quickly and mechanically; for those who 
made the poorest records, they came after a trial-and-error 
process. 

The relationship between general excellence and the 
amount of improvement is pronounced and unambiguous. 
The best subjects made the smallest amount of improvement; 
and while the poorest ones showed the greatest amount, at 
their best they were still inferior to the good ones at their 
worst. This fact is established by the correlation obtained,! 
and it is represented graphically by Fig. 2. The correlation 
between general averages, ranging from 14.7 seconds to 3.8 
seconds, with the percentage of improvement, was found to 
be +.52, P. E., .1059. In Fig. 2 the curves of the five 

1 Both the Rank-Difference and the Pearson formulae were employed. The Pear- 
son coefficients served as a check upon the results found by the Rank-Difference for- 
mula; and the differences found between them are negligible, since the writer can claim 


at the most only the presumption of relationship. All coefficients reported in 
this paper were those obtained by the Rank-Difference method. 
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poorest and the five best subjects are plotted. The contrast 
between these two groups as regards improvement is obvious. 

The meaning of the physiological limit of ability to react 
in any learning process should be defined rather explicitly in 
order to avoid possible ambiguity. At least two variations 
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Fic. 2. Individual Improvement Curves of the 5 Best and the 5 Worst Subjects. 


in the meaning of the phrase can be proposed. In the anal- 
ogies test, considered strictly as the limit above which a purely 
verbal reaction is impossible, it may be represented and meas- 
ured by the minimum amount of time necessary for the sub- 
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ject to articulate a word after having heard its cue spoken. 
In the practical attempt to measure this limit as just defined, 
the subject would, of course, be given beforehand the re- 
sponse word, as well as its verbal stimulus, and would be in- 
structed to react with that word. Or, the limit may be con- 
ceived of as the minimum amount of time necessary to react 
under the conditions of the experiment, with the response 
word not known beforehand. This time interval would be 
determined empirically after an infinite amount of practice; it 
could not conceivably exceed the limit first defined. In this 
case, the physiological limit would tend to be uniform with 
all subjects, as our results indicate; whereas, in the second 
case, it would be more of an individual measurement. It 
should be noted, however, that an identity exists between the 
two in respect to the best subjects. 

The physiological limit, as measured by the sheer ability 
to respond with a stimulus word to a word previously mem- 
orized, was actually attained in the present experiment by 
some of the subjects. The record of 3.2 seconds, made at 
times by subjects $,T, and U during the last three trials was 
not excelled when these subjects were instructed to react 
with a given word. Moreover, additional tests indicated that 
this mechanical limit was practically the same for all of the 
subjects, irrespective of their scores in the normal tests. Ac- 
cording to this criterion, all approached and some reached a 
relatively fixed physiological limit. 

Not only technical considerations of major interest, but 
practical and applied aspects of decided importance, find their 
focal point in the inter-relationships existing among the three 
phases of the learning process under consideration; namely, 
general excellence, improvement, and the approach to the 
limit of progress. If it should -become established that the 
inferior subject is capable of making the greater gain in any 
learning process, it would follow that practice and education 
result in homogeneity and uniformity.!: If it should appear 


1 The terms ‘superior’ and ‘inferior’ as employed in the text are distinctions based 
solely upon the average scores of the subjects. For the present it may be noted that 
this usage of the terms is conventional and arbitrary; in subsequent sections of this 
paper, reasons are urged in justification of the assumption that a good average score 
is an index of actual superiority. 
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that the reverse of this is true, the tendency of learning would 
then be towards diversity in ability. The educational corol- 
laries dependent upon the demonstration of one or the other 
of these principles are numerous and indeed significant. 

Investigators have presented results and conclusions some- 
what at variance. The actual results are not necessarily in- 
compatible, since they may depend upon variables, such as 
the nature of the learning task upon which they are based 
and the range of the equipment of the learners for the task. 
But the conclusions advanced, to the extent that they are 
general, are likely to be irreconcilable. Wells mentions the 
tendency of the inferior subject to catch up with the super- 
ior, and explains this in terms of the physiological limit (8). 
Myers, however, reports that the superior subjects made the 
maximum gains; and, reinforced by the support of Colvin 
and others, defends the definition of intelligence as adjust- 
ment (5). 

While the results of the present investigation are in har- 
mony with those given by Wells, it will be noticed that the 
correlation found between minimum improvement and gen- 
eral excellence is due chiefly to the extreme good and poor 
subjects. The fact is more patent in the curves of Fig. 2 
than it is in the coefficient obtained. It may be that this 
relationship characterizes only the measurements found in 
the extremes of a distribution of scores, or it may apply only 
to learning activities far on the way towards perfection. 

Two lines of explanation are open. The first has just been 
referred to: a pronounced amount of improvement may be 
impossible for the superior individual because of the mere 
fact that he inaugurates his reactions at a point relatively 
near his limit. Having no great distance to travel, his jour- 
ney is brief. But other factors seemed to function in the 
analogies tests and, as will devolve later, in the reading tests. 
As contrasted with the inferior, he may initiate his attempts 
at a point more remote from the ‘just barely not any’ stage, 
or the zero. And this probably carries with it the implica- 
tion that certain preliminary states of the learning are for 
him omitted altogether. The intelligent learner is not, then, 
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the one who eliminates most rapidly; he is rather the one who 
dispenses with the eliminating process. 

These considerations lead to a revision of the current def- 
inition of intelligence that would explain it as ability to show 
improvement or adjustment. The demonstration of capa- 
city for improvement may be taken as an indication of infer- 
ior, not superior, ability. Intelligence thus becomes defined 
in terms of immediate, consistent and uniform adjustment, 
not in adjustment considered as capacity to improve by leaps 
and bounds. 

To the extent that this concept proves to be applicable to 
learning processes involving intelligence factors, the isolated 
learning curve will carry its own mentality label. If a series 
of descending curves were constructed for the purpose of repre- 
senting the typical grades of intelligence, they would describe 
the following forms: (1) A low grade of intelligence would find 
expression either in a horizontal curve, far above the base line, 
showing that the series of reactions were equally difficult or 
impossible; or in a descending curve, marked by violent fluc- 
tuations, but never closely approaching the base line. (2) A 
more evident display of ability would show itself in a descend- 
ing curve more successful in attaining a satisfactory level of 
achievement. (3) Superior mental endowment would find its 
graphic representation again in a horizontal curve, but in this 
instance it would lie in close proximity to the base line. 

The question of the relative differences in the value of in- 
crements in ability at different positions on the curve is per- 
tinent at this point. The fact that when the limit is being 
approached such increments call for an increased amount of 
some factor, has been frequently stated, and since the publi- 
cation of the historical studies of Bryan and Harter this fac- 
tor has usually been defined in terms of increased effort. But 
no evidence was at hand to demonstrate that the better sub- 
jects attained the score of 3.2 seconds because of any such 
heightened intensity. The relative ease with which maxi- 
mum efficiency was attained was attested to by the better 
subjects, and it was strikingly obvious to the experimenter. 

Initial Scores and Subsequent Achievement.—The facts of- 
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fered in the preceding section of this paper have to do with 
the difference in the rate and extent of improvement found 
between the good and the poor subjects. This difference 
may exist, but at the same time it may develop that the ini- 
tial scores have a prophetic value. The coefficients obtained 
in the attempt to determine the relationship between begin- 
ning and ensuing records are as follows: 


Between 
The averages of all analogies and the averages of the first 
10, + .89, P.E., .0317. 
The averages of all analogies and the averages of the first 
day, + .87, P.E., .0374. 
The averages of the first 10 analogies, and the averages of 
all subsequent analogies, + .76, P.E., .0642. 
The averages of the first day and the averages of all sub- 
sequent analogies, + .80, P.E., .055. 
The averages of the first day and the averages of the last 
day, + .59, P.E., .0988. 


The relationship of the beginning score to the average 
score is not of primary significance, since the beginning rec- 
ord, when it is relatively large, will unduly influence the aver- 
age. But as the results show, the beginning record, when it 
is relatively poor, not only affects the average, but discloses 
a lack of aptitude for the reactions that is not compensated 
for by subsequent improvement. A creditable beginning 
more truly serves as an index of future attainment, since it 
establishes an upper as well as a lower limit of ability. 

Myers (5) found that the later scores could be anticipated 
to a large extent from the beginning records. Hollingworth’s 
conclusion is more conservative. According to this contrib- 
utor, the relationship between the early and later stages in 
the repetition of tests is in part a function of the test itself, 
and in part a function of the location of the measurement 
taken in the series—the correlation in general increasing as 
successive tests from the initial one are compared with final 
measurements.! The coefficients found in the present in- 


1 Hollingworth, H. L., op. cit. (4), p. 258. 
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vestigation would seem to indicate a fairly definite tendency 
towards the correlation in question. 

Variability—The factor of variability was calculated in 
percentage terms by ascertaining the mean deviation of the 
scores of each subject and by finding the ratio between this 
and the mean of the scores. This series of measurements was 
correlated with the series of average scores, with the result of 
+ .68, P.E., .0776. 

Again a presumption of relationship seems to be war- 
ranted. The inferior subjects appear to be the more variable 
in their responses. Supplementary facts concerning the be- 
havior of the subjects recorded in the experimenter’s notes 
mey explain, in part, this result: the inferior subjects, as 
compared with the better ones, were seemingly more uncer- 
tain in their responses; they were more inclined to resort to 
trial-and-error; they were evidently working under shifting 
degrees of embarrassment; and they were obviously more af- 
fected by absolute differences in the difficulty of the various 
analogies. This last statement is of chief importance. In 
the series of units constituting the analogies test, the more 
difficult ones were easily apprehended by the better subjects, 
but since the limit of the capacity of these subjects was prac- 
tically attained, no pronounced difference in reaction time 
between analogies of different degrees of difficulty was in 
evidence. The physiological limit was a barrier imposed 
against a relative shortening of the time for the easy analo- 
gies. The absence of this barrier from the path of the slower 
subjects permitted their speeding up or their slowing down 
in more appreciable proportion to the varying difficulties in 
their way. 


Tue Mrrror Reapinc TEst 


At the completion of the analogies test for each period, 
the subject was presented with three pages of prose, reading 
from the top to the bottom, but from right to left. In con- 
structing this material, the typewriter was used, with the 
carbon sheet reversed. This resulted in a carbon copy of 
the selection being typed on the reverse side of the sheet, with 
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the individual letters, as well as the words, extending from 
right to left. 

The copy consisted of six units of four lines each to the 
page, typed in capitals exclusively, with all punctuation marks 
omitted. The material was of a quasi-nonsense variety. It 
was taken from a translation of Plato’s Republic; but the 
selections, somewhat abstract in their original version, were 
rendered even more innocuous as to meaning by a whole- 
sale process of stringing together isolated or broken phrases 
orclauses. A unit chosen at random from the experimenter’s 
key reads as follows: 


THEN THIS ADVANTAGE THE RECEIPT OF PAY DOES NOT COME TO EACH 
FROM HIS OWN ART BUT STRICTLY CONSIDERED THE ART OF HEALING 
PRODUCES HEALTH AND BENEFITS THAT WHICH IS ITS APPOINTED OBJECT 
WE SEE CLEARLY THAT A GOVERNMENT NEVER PROVIDES THAT WHICH IS 


The cumulative decimal stop-watch was used in this ex- 
periment. One unit of reading was exposed at a time, after 
which the subject was given a rest of a few seconds. Time 
was recorded for each half page. Seven weekly periods were 
given to the entire reading series, resulting in a total of 21 
pages of mirror prose being read by the subjects. Following 
the procedure in the analogies test, half of the subjects were 
given the pages in one sequence, and the remaining group in 
the reverse order. The subjects were required to correct all 
errors as they read. 

General Results —In Fig. 3 the two éombination curves 
for the two groups are given. The initial slope is in evidence, 
extending between the first two periods, and to a less pro- 
nounced degree, between the second and third periods. A 
rather small and uniform decline characterizes the remaining 
part of the curve. 

Numerous and spontaneous comments made by the sub- 
jects at the completion of the periods, together with the 
observations recorded by the experimenter, reveal certain 
aspects of the learning process. In general, the subjects 
enjoyed it far more than they did the analogies series; they 
regarded it, possibly with a certain degree of psychological 
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insight, as more of a game and less of a measuring device for 
intellectual ability. 

The reading, or more properly the translating, of the pass- 
ages was rather spasmodic, a process comparable with the 
struggle of an inadequately prepared student in a language 
class. Certain words were unfailing sources of difficulty: 
these were either the longer words, which taxed with unusual 
severity the newly formed habits, or the monosyllables that 
aroused the insufficiently repressed normal reading habits. 
Such words as ‘architect,’ ‘ignominious’ and ‘precluded’ are 
examples of the first type of difficulty; while the tendency 
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to translate erom as ‘from’ and saw as ‘saw’ (instead of 
‘more’ and ‘was,’ respectively) illustrates the second type of 
error. If we may accept the unanimous testimony of the 
subjects, the process was essentially one of relearning to 
read; and of the various schemes employed for that purpose, 
the word and phonetic methods were utilized—the latter as 
a temporary device, the former as the standard method. A 
new word was at first spelled phonetically, but on its reap- 
pearance it was usually recognized visually. 

The initial acceleration of the learning again seems expli- 
cable in terms of the early acquisition of new and the subor- 
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dination of old general habits. The act of directing the eye 
from the right to the left was a habit rather quickly estab- 
lished, and the device of spelling out the beginning letters of 
a word was discovered early. The importance of the aid 
derived from the meaning element was minimized by the sub- 
jects, but it was probably underestimated by them; at least 
the extent to which it could be relied upon was ascertained 
during the first period. The matter of relinquishing the nor- 
mal reading habits was attended to with a considerable de- 
gree of difficulty; but the necessity for so doing was impressed 
upon the subjects in their beginning attempts. It should be 
emphasized that the rapid initial progress was made during 
the first part of the first trial—a fact not expressed in the 
graphs. 

Improvement.—The inferior subjects in the reading, as in 
the analogies test, showed the greater amount of improvement. 
This factor, expressed in percentage terms, was correlated 
with the general average, and yielded a coefficient of + .44, 
with a P.E. of .12. 

The explanation advanced for the similar result in the 
preceding test was partly in terms of the physiological limit 
in its relationship to the starting point. However, the 
application of this concept as an explanatory principle in the 
present case presents certain difficulties, since the control ex- 
periment designed for the purpose of establishing the limits 
of the subjects was productive of rather anomalous results. 

This control experiment, conducted at the completion of 
the mirror reading tests, consisted merely in determining the 
most rapid rate of normal oral reading for each of the sub- 
jects. Time was recorded for four separate readings of one 
page each. The averages of these four readings were corre- 
lated with (1) the averages of the first day in the test readings 
and (2) the corresponding averages for the last day. The 
coefficients respectively were + .42, P.E. .1270, and + .31, 
P.E., .0874. No special significance in the difference be- 
tween them is warranted; but the coefficients together seem 
to point to a relationship between the two types of reading, 
a relationship that one might expect, attributable to positive 
transfer effects. 
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Of more significance is the coefficient found by correlating 
(1) the differences between the most rapid test and the most 
rapid control readings with (2) the most rapid test readings. 
These differences were expressed in the number of words 
read per second. The coefficient in question was + .39, 
P.E., .1344. If this is to be accepted as disclosing a tendency, 
it means that the subjects who made the best test records 
made proportionately better records in the control readings, 
while those who were slow in the mirror reading tests were 
proportionately less adept than their superiors in normal read- 
ing. 

In another respect the estimated physiological limits of 
the analogies and mirror reading tests differ. In the analo- 
gies test the subjects seemingly approached a uniform limit: 
in their ability to respond to a spoken word they were alike. 
But in the control tests for the reading experiment the devi- 
ation or variability was greater than it was in the mirror 
reading itself. The average number of words read per sec- 
ond in the control reading was 4.38, A.D., .51, while in the 
test reading the average was 1.69, A.D., .31. 

The contrast, then, between the results of the analogies 
and mirror reading tests may be summarized as follows: in 
the reading test the superior subjects, at their points of maxi- 
mum achievement, were farther away from their estimated 
physiological limits than were the inferior subjects; and these 
limits were more variable. In the analogies test, the super- 
ior subjects at their best were closer to their limits than were 
the inferior; and the limits in this case were not only less var- 
iable, but they were more nearly identical with the estimated 
limits for the inferior individuals. 

In spite of these discrepancies, the view that the most 
rapid rate of normal reading may represent the physiological 
limit of mirror reading is retained by the writer. These two 
reading processes elicit the same motor responses. They dif- 
fer only in the nature of the visual symbols eliciting these 
responses. The body of available psychological knowledge 
concerning positive and negative transfer and retroaction 
would seem to support this view, and the coefficient of + .50 
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given above lends additional corroboration. Assuming that 
a positive relationship exists between the two types of read- 
ing, the issue is this: would prolonged practice in normal 
rapid reading tend to reduce or to increase the amount of 
variation in the control records actually found? One is cer- 
tainly justified in believing that if prolonged practice would 
reduce the variation, and would result in the records being 
brought more closely together, the revision would be upwards 
—that is, all subjects would approach the 6.6 words! (or 
better) standard. 

A more specific formulation of the suggestions just ad- 
vanced leads to two opposed hypotheses: (1) It may be as- 
sumed that with sufficient practice in normal reading all sub- 
jects would approach a fixed and uniform limit, which, for 
i.justrative purposes, may be stated as 6.6 words per second; 
and that this limit is also the physiological limit in mirror 
reading. The attainment of this record in mirror reading 
would involve, for both our inferior and superior subjects, 
an improvement far in advance of that actually brought out 
in the experiment; but it would mean relatively more im- 
provement for the inferiors. The results in this case would 
duplicate those found in the analogies tests. (2) Or, it may 
be assumed that extended practice in normal reading would 
establish a more scattered series of limits in that accomplish- 
ment than the series represented by the four trials recorded. 
It would then follow that the superior subjects would neces- 
sarily show greater improvement than the inferior ones in 
order for both of them to attain their respective points of 
maximum achievement. 

The first of the two hypotheses seems to be the more rea- 
sonable. The tendency of practice in mirror reading was to 
reduce the range and the variability of the series of scores. 
If normal reading is, as reasons were given for believing, com- 
parable with mirror reading, the same result would be ex- 
pected. 

Initial Scores and Subsequent Achievement.—The begin- 
ning scores in mirror reading are related to ensuing scores. 


1 The best record in normal rapid reading made by any of our subjects. (See 
Table.) 
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The reader who begins well will continue to do well, while 
the reader who begins poorly will remain consistently below 
the standards set by the better subject. This tendency is 
even more apparent than it is in the analogies records, the 
reason being, undoubtedly, that the reading habits involved 
are the definitely established and highly individual normal 
reading habits adjusted to the new conditions. 
The coefficients obtained are as follows: 


Between 

The average of all trials and the average for the first three 
trials, + .92, P.E., .0225. 

The average of all trials and the averages for the first day, 
+ .94, P.E., .o169. 

The averages for the first three trials and the averages for 
all subsequent scores, + .88, P.E., .0338. 

The averages for the first day and the averages for all sub- 
sequent trials, + .g1, P.E., .0254. 

The averages for the first day and the averages for the last 
day, + .85, P.E., .0416. 


Variability —The tendency again is for the inferior sub- 
jects to show slightly more variability. The coefficient ob- 
taining between the percentages of variability and average 
scores is + .57, P.E., .og88. The reason given for this fact in 
the association test seems to apply likewise to mirror reading. 


CorRELATIONS BETWEEN THE TESTS 


No correspondence exists between the rankings of the 
subjects in the analogies and the mirror reading tests. The 
coefficient obtained by correlating the averages of both tests 
for the first day was — .02, and for the second day + .o8. 
While these results indicate absence of correlation, it may be 
noted that the tendency is in the direction of positive rela- 
tionship. This is in agreement with the conclusion stated 
by Hollingworth to the effect that practice increases the posi- 
tive coefficients between tests. 

In one respect, the demonstrated lack of relationship is 
of significance. It furnishes justification for the conclusion 
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that the similarity between the two tests as regards the ini- 
tial slope, the greater improvement of the inferior subjects, 
the greater variability of the inferior subjects, and the relia- 
bility of the initial scores as indexes of future accomplishment, 
is due to the nature of the tests themselves, rather than to 


the personnel of the practicing group. 


SUMMARY 

In both the analogies and the mirror reading practice 
series, the superior subjects, as contrasted with the inferior, 
disclosed less capacity for improvement and less tendency 
toward variability. 

Two explanations account for the relatively small amount 
of improvement made by the better subjects: they began their 
tests at a point nearer the physiological limit, thus precluding 
the possibility of pronounced gain; and they curtailed the 
preliminary stage of the learning. 

This relationship between improvement and relative merit 
suggests the principle that intelligence should be defined in 
terms of immediate adjustment, and not in terms of capacity 
for improvement. It functions, not by making pronounced 
gains in a learning process, but by omitting the preliminary 
excess and random reactions and establishing a level of at- 
tainment near the limit of ability, thus making decided im- 
provement an impossibility. 

As the result of two special tests given at the completion 
of the practice series, estimates were made of the limits of 
capacity of each subject for the analogies and for the mirror 
reading tests. In the analogies tests, the better subjects 
attained this limit, which was practically uniform for all 
subjects. In the mirror reading tests, the better subjects 
were farther away from their limits than were the inferiors; 
and these limits were more variable than the test results 
themselves. These facts find explanation in one of two as- 
sumptions: either that the estimates of the limits of ability 
in reading were inadequate, inasmuch as they were based 
upon the initial records of a test probably subject to improve- 
ment; or that the explanations accounting for improvement 
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TABLE 
ANALOGIES 
Average | Average Percentage) Percentage) 
Avera; verage | Average 
Subject | Average | Sverage Omitting Im. 4 
A 14.7 30.5 26.0 | gt 13.5 63 25 9.7 
B 9-4 25.8 21.5 | 8.7 8.0 | 50 32 5-4 
Cc 8.6 23-4 15.5 8.0 ga | 25 43 
D 8.0 27.4 19.3 | 7.2 6.7 | 68 36 6.3 
E 7.8 23.9 16.6 | 7.1 68 | 71 31 6.6 
F 7.5 20.9 15.5 | 6.9 6.6 30 32 10.7 
G 6.6 26.2 165 | 5.8 5.5 76 31 4.0 
H 6.5 12.5 18 | 63 6.0 60 23 4.8 
I 6.0 17.6 10.7 | 5.5 5.5 62 26 $4 
4 5-7 15.2 8.7 | 5.3 54 58 26 3-9 
5-5 10.7 74 | 5.2 53 | 34 16 4-9 
L 5-4 5.2 9:2 | 5.4 so | 59 25 3.8 
M 4.8 10.4 6.5 | 4.6 47 | €£ 18 3.6 
N 4-7 7.6 Gt | 49 ‘5 | 3 16 3.8 
O 4.5 6.1 Se | 46 45 | 40 21 8.1 
P 44 5.9 45 | 44 44 | 27 19 3-3 
Q 43 13.7 9.8 3.8 36 65 25 3-5 
R 4.2 10.3 66 | 4a 40 | 48 22 3.4 
S 4.0 12.2 9.4 | 3-7 3-4 | 61 26 3.6 
T 3-9 5-7 5-7 3.8 3-7 46 14 3.1 
U 3.8 5.0 41 | 3.5 3.8 | 06 II 3.8 
Mrrror READING 
| | Average! Per- | Control | Mirror 
jAverage’ Qmit- | centage| Per-_ | Average Reading Reading 
Subject | Average Average Average | Omit- ting | of Im- |Cemtage); Last | Words _ Words 
First First _ting First | prove- {Of Vari-) Day per per 
First 3 Day ment | ability | Second | Second 
L 3.08 6.65 5.81 | 2.80 | 2.62 | 66 28 1.99 | 5.00 1.99 
T 3.05 5-34 4-91 | 2.87 | 2.83 | 52 16 | 2.37 | 4.66 | 1.09 
E 2.99 5.23 495 | 280 | 2.66 54 24 | 2.28 | 3.58 | 1.30 
B 2.71 4.65 4-29 | 2.56 | 2.44 | 59 19 | 1.82 | 3.54 1.34 
J 2.44 3.15 2.92 | 2.42 | 2.38 | 34 12 1.73 | 3.88 | 1.30 
Oo 2.42 4.81 432 | 2.24] 2.18 62 27 1.66 | 3.99 | 1.57 
U 1.41 | 3.36 | 3.02 | 2.33 | 2.30 | 38 19 | 1.89 | 4.44 | 1.44 
S 2.40 | 3.84 | 3.65 | 2.29 | 2.19 | 46 20 | 2.00 | 5.09 | 1.39 
D 2.33 4.00 3.62 | 2.20 | 2.12] 16 | 1.91 ~ 
H 2.22 | 3.39 3.24 | 2.13 | 2.04 | 50 22 1.64 | 4.11 | 2.12 
Cc 2.14 | 3.00 | 2.93 | 2.08 | 2.00] 40 4 | 2.78 | 4.317 | 2.46 
K 1.97 3-34 2.91 1.86 | 1.81 | 47 Il 1.55 | 4.66 | 1.57 
R 1.96 2.79 2.64 1.91 | 1.86 | 41 II use | 2.36 | 857 
| 1 3.02 283 | | 197 | 49 15 1.47 
F 1.86 2.35 2.32 | 1.82 | 1.79 | 28 13 1.67 | 5.00 | 1.75 
G 1.85 2.43 2.50 | 1.81 | 1.74 | 39 12 1.53 | 3-63 | 1.63 
I 1.84 | 2.99 | 2.80 | 1.75 | 1.68 | 51 15 | 1.38 | 3.58 | 1.79 
M 1.80 | 2.85 268 | t.72 | 166 | 46 14 | 1.46 . | 
A 1.79 2.58 2.47 1.73 | 1.67 42 20 1.44 | 4.35 | 2.32 
N 1.76 2.47 2.43 1.84 | 1.65 | 46 12 1.32 | 6.60 | 2.02 
r 1.54 2.10 2.11 1.47 | 1.43 36 13 1.36 | 5.00 | 2.15 
Q 1.40 2.17 1.98 1.34 | 1.30 | 45 12 1.09 | 4.91 | 2.32 


Numerical Results of Practice Series. All Results except those in the ‘Percent- 
age’ Columns are Stated in Seconds and Decimal Parts of Seconds. 

1 Subject (X) was given Reading Tests only. 

2 No records obtained. 
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in the analogies test are not applicable to the results of the 
mirror reading test. The first mentioned assumption is ac- 
cepted by the writer, on the grounds that the control test 
places a premium upon the same type of ability required in 
mirror reading. This being the case, practice in the control 
test—1. e., normal, oral reading—would result in relatively 
more improvement on the part of the inferior readers, and 
therefore in a more uniform series of measurements repre- 
senting the limits of ability in mirror reading. 

Initial scores in the analogies and reading tests were found 
to be fairly reliable indexes of subsequent attainment. The 
difference in the rate of progress between the superior and the 
inferior subjects was not sufficient to change the relative po- 
sitions of the subjects at the end of the series. 

Absence of correlation was found between the rank posi- 
tions of the subjects in the two experiments. This seems to 
indicate that the explanation for the results found must be 
referred to the learning itself, and not to the individuals 
comprising the practicing group. 
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AN EXPERIMENTAL INVESTIGATION OF CERTAIN 
ALLEGED RELATIONS BETWEEN CHAR- 
ACTER AND HANDWRITING 


BY CLARK L. HULL AND ROBERT B. MONTGOMERY 


University of Wisconsin 


At least since 1662 when Camillo Baldo published in Italy 
his treatise on the method of determining the character of a 
person by his handwriting (2, p. 2), there has been in exist- 
ence a more or less systematic and growing body of belief on 
this subject. During this period graphology has been re- 
garded with favor and respect by many individuals of note, 
among whom may be mentioned Leibniz, Goethe and Sir 
Walter Scott (2, p. 7 ff). An extensive body of literature 
including periodical publications has come into existence on 
the subject, particularly in France and Germany. It has 
often been associated with physiognomy, chiromancy and 
magic (4, p. 126). The claims of the graphologists are fre- 
quently very extravagant. Two of the more recent expound- 
ers of graphology deserve special mention because of the po- 
sitions they occupy in the field of the recognized sciences. 
One is William Preyer (10), professor of physiology at Jena 
and author of one of the classical works on infant psychology. 
The other is George Schneidemihl (11), professor of compara- 
tive pathology at the University of Kiel. While stoutly as- 
serting the necessity of reducing graphology to the status of 
a true science, these writers show little less credulity than the 
pamphlet written on the same subject by William L. French 
and put out by a pen manufacturing company for adver- 
tising purposes (6). The more pretentious works on graph- 
ology are predominantly a priori deductions from very gen- 
eral principles which are often true enough in themselves. 
These deductions are copiously illustrated by reproductions 
of handwriting often of illustrious or notorious personages. 


Though extensive collections of handwriting seem to have 
63 
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been made by some of these writers, none of them have gone 
beyond a more or less casual observation. Crépieux-Jamin, 
it is true, reports what purports to be an experiment but it 
is without scientific value (2, pp. 106-137). 

As for so much else, we are indebted to Alfred Binet for 
the only serious attempt to bring the rather elusive subject 
matter of graphology under objective scientific conditions. 
Binet’s report of his experiments makes a volume of 257 
pages (1). He was especially fortunate in having as collab- 
orators a number of professional graphologists one of whom, 
Crépieux-Jamin, is probably its most famous modern ex- 
ponent (4, p. 123). In his first experiment Binet presented 
each of his subjects with 180 addressed envelopes which had 
been written in about equal numbers by men and women. 
The subjects were to tell the sex of the writer in each case. 
Crépieux-Jamin made the highest score, 79% of right deter- 
minations. Another graphologist made a score of 75%. <A 
number of individuals with no special training made scores 
ranging from 73% to 66% of right cases (1, pp. 8-11). It 
will be noted that chance alone would yield 50%. This ex- 
periment has been repeated with untrained subjects by Dow- 
ney (5) and Starch who each obtain substantially similar re- 
sults. 

In another experiment Binet obtained samples of writing 
from 37 individuals of recognized intellectual eminence such 
as Renan and Bergson. With each of these he paired the 
writing of a person of similar education and general social 
level but of very mediocre intelligence. The subjects were 
asked to state which of each pair of writers was the more 
intelligent. Crépieux-Jamin came off best again with the as- 
tonishing score of only three errors out of 36 determinations, 
or nearly 92% correct. Six other graphologists scored re- 
spectively 86%, 83%, 80%, 68%, 66% and 61%—all dis- 
tinctly superior to chance (1, pp. 73, 101 ff.). Binet con- 
cludes: ‘On pourrait dire, introduisant ici une distinction 
nécessaire, que les signes graphiques d’intelligence ont une 
réalité incontestable, mais ne concordent pas nécessairement 
et constamment avec une grande intelligence, quoique cela 
arrive le plus souvent” (1, p. 100). 
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As a final test Binet investigated the ability of the graph- 
ologists to tell the character of the writers from their hand- 
writing. He secured specimens of the handwriting of eleven 
notorious assassins. With each of these he paired the writing 
of an honest citizen in a rather humble walk of life. The 
subjects were directed to tell which of each pair of writers 
was superior in general morality. This was a more severe 
test apparently, though the number of right judgments con- 
tinues to exceed chance. Once more Crépieux-Jamin comes 
off best with three errors out of eleven judgments, or 73% 
right. Two other graphologists made a score of five errors 
each, which is little better than chance (1, pp. 245-246). 
Summing up all three experiments Binet says: “*. . . cette 
conclusion, c’est que dans la graphologie, comme dans la 
céphalométrie, probablement aussi dans la chiromancie—il y 
a quelque chose de vrai” (1, p. 251). And again: “Qu’il 
s’agisse du sexe, de l’age, de l’intelligence ou méme (ce der- 
nier point avec plus de réserve) qu’il s’agisse du caractére, 
nous arrivons toujours a le méme conclusion” (1, p. 252). 
Such results and conclusions from a psychologist of Binet’s 
repute suggests that we may not without a previous scien- 
tific examination safely ignore the claims of graphologists, 
however extravagant and apparently unfounded they may 
seem. ‘The somewhat surprising revelations of character con- 
tained in physiognomy even as seen in ordinary photographs, 
should make us still more cautious (8, p. 48 ff.). Indeed 
facts are not wanting which render even probable at least a 
weak relation between handwriting and certain traits of char- 
acter. Dearborn found, for example, a distinct tendency of 
the hands and neck to flex under unpleasant and to extend 
under pleasant stimuli (3). From this it is not a very far 
cry to the possibility that a confident or ambitious state of 
mind should produce a tendency to extension in the arm dur- 
ing writing which would make the lines slope upward from 
left to right. Upward sloping lines are in fact the generally 
accepted graphological sign of ambition. Neither would it 
be very surprising to find a slight tendency for energetic or 
forceful people to write with heavier pressure and so to make 


v 
XUM 


66 CLARK L. HULL AND ROBERT MONTGOMERY 


~ heavier lines than less forceful persons. Various types of 
~ heavy lines are in fact common graphological signs of “force.” 
It was with such possibilities in mind that the present experi- 
ment was undertaken. 
Binet sought to test the skill of individual grapholo- 


gists. In contrast, the present ent experiment seeks. to test the 
truth of certain graphological the -» certain correla- 


‘tions alleged to exist between specific traits of handwriting 
and traits of the writer’s character. Obviously the reasons 
given by graphologists for their findings may be either more 
or less accurate than the findings themselves. The traits of 
character investigated were chosen as being at once associated 
with traits of handwriting which were susceptible of objective 
measurement and being among the less improbable of the 
relations alleged. They are shown in the following table to- 
gether with the trait of writing most commonly supposed to 
indicate each: 


Taste I 
Ambition.......... lines of writing sloping upward. 
lines of writing sloping upward. 
Bashfulness........ writing traced with fine lines. 
NE eee (a) heavy lines, (b) heavy bars on the t’s. 
Perseverance....... long bars on the t’s. 
closed a’s and o’s. 


The subjects were 17 students of the University of Wis- 
consin, all members of the same medical fraternity. Each 
man was first asked to write, in his ordinary manner, a para- 
graph from a popular magazine. The writing was done in 
each subject’s own room, at his regular desk and with his 
own pen. The paper was uniform throughout, unruled, of 
good quality, size 8.25 by 10.75 inches. The material written 
is as follows, the parentheses indicating particular m’s, n’s 
and t’s which were measured: 

It see(m)ed to be a big (t)own; he wo(n)dered just why, in all his days, he had 
never made more (t)han four or five (t)rips to Brooklyn, but he did not wo(n)der for 
lo(n)g. His heavy (t)houghts dragged back to his own plight a(n)d the call just 
ahead of him. Cus(t)om a(n)d frie(n)dship co(m)bined would deprive him even of 
the fee he was about toearn. Not so much as the wre(t)ched car-fare he was spe(n)d- 
i(n)g would be his reward for a(tt)e(n)di(n)g the sufferi(n)g me(m)ber of the Ca(tt)er- 
son fa(m)ily. In the ma(tt)er of plain mo(n)ey profit, Brooklyn so far measured up 
to the Hallas s(t)a(n)dard in every respect. 


Taste II 


Ambition Pride | Bashfulness Force Perseverance Reserve 
1 2 3 4 5 | 6 7 | 8 9 10 Ir 12 13 14 | 15 16 17 | 18 19 20 ar 22 23 
2 ese eS | | aS| ce | | se elvel ati 
A /|15.5|+ 5.90 1 | 13 1 | 22.9 | 15 |1.49) 4 |14 |264| 4 | 7 | 16 12.30 3 2.34 3 6.5 25 | 15 
Q B 4.5 | + 2.80 7 4 2 | 24.1} 16} 1.85] 8 |12 | 29.6) 3° | 1.23 | 4| 4 | 8.85 11 1.34 14 3 | 13 | 8 
= Cc |— 1.25 14 I 10/17.3/ 1.00] 1 3 181] 12 |1.05 | 13 I |10.55) §.5| 2.05) 5.5| 2) 3 
D |— 2.90 16 | 14 15 | 20.7] 13 | 2.10] 10 | 15 | 18.7] Reve) 15 | 17 | 9.80] 7 1.78; 9 |16 | 23 | 14 
E 4-5 | — 2.75 IS 3 4 | 20.6} 12 | 1.33 | 2 7 | 43.2| I [2.10 I 9 | 6.05) 16 88 | 17 | 10 | 40 | 17 
F |14 |+ 1.30 10 7 21 6 2| 14 | 7.50| 13 1.36 12 8 | 4 
G 7 | —15.00 17 | 9.5| 1 | 161! 6] 1.59) 5.5] 9.5} 17-1] 14 |1.064+) 11] 8 | 7.45| 14 | 1.64/10 117 | 9] 5.5 
H | 9 |+ 390+] 3 | 12 3 | 21-4 | 14 | 2.37/12 | 6 | 24.2] § | 1.13 8} 5 | 965 9 | 1.35 13 | 85 5.5 
I |10 |+ .33 } S| 558] § | 7 | 45 84 | 17] 11 | 9.70! 8 | 1.80} 8 | 15 | 22 | 13 
= 2 |+ 1.70 9 | 9.5 8 | 14.2} 3 | 3.63 | 16 5 | 19.8} 10 | 1.39 3 | 6 |10.55| 5.5] 2.48) 2 1 | 20/411 
11.5 | + 2.30 8 5 7 \18.2| 9 | 2.39] 13 9.5} 20.1} 8.5/1.10 10 | 10 | 7.25) 15 1.26 | 16 5 | 9 
L {13 |+  .87 Il | 17 12 | 27.8| 17 | 2.02] 9 |13 | 31.2] 2 | 1.12 9 | 13 |12.90, 2 1.33) 15 | 13 3 I 
M | 8 |+ 4.30 3 2 9 | 19.5| 11 | 2.29] 11 2 |206| 7 |1.06—| 12] 3 19.50) 10 | 2.07! 4 4 | 20/10 
N | 6 |— .20 13 8 13 | 18.9 | 10 | 2.86 | 14 4 | 17.2] 13 .gI 14 | 12 | 5.85/17 | 1.80! 7 6.5! 35 | 16 
O |+ 3.10 | 6 | i I 17 | 1.19 6| 2 |22.30/ | 4.02/ [14 | 12] 7 
P | 15.5|+ 3.50 14 | 16.7| 7 | 1.36] 3 8 | 20.1 | 8.5} 1.20 5 | 7 | 12 | 154 an 6| 32 
Q 3.90—-| 4 | 16] 12.2] 2] 3.26/15 |17 | 10.8] 16 88 | 16] 15 12.20, 4 | 2.05  §.5|12 | 22 | 12 
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When the writing was finished the subject was given a 
set of sixteen small cards, each card containing the name of 
one of the other subjects. The card bearing the subject’s own 
name was left out. He was directed to arrange the cards 
in the order of the amount of ambition possessed by the per- 
son indicated oneach. Thus the name of the most ambitious 
person in his opinion would be placed first, the name of the 
next most ambitious person second, and so on. The rank 
thus given each subject was recorded on a special blank by 
the experimenter, after which he shuffled the cards with care. 
This process was repeated with each of the traits of character 
listed in Table I. and with each of the subjects. Assurance 
was given them that the records would be kept in such a way 
as to secure the strictly confidential nature of the results. 
The same experimenter conducted this part of the experiment 
throughout. He was ona basis of easy, friendly acquaintance 
with all the subjects. Because of the intimate personal re- 
lations obtaining in small semi-social fraternities, these sub- 
jects were peculia: y able to judge the character of each other. 

From the 17 rankings thus obtained, the average position 
of each subject in each trait was found. The subjects were 
then re-ranked in each trait according to the size of these 
averages, the smallest (7. ¢., highest) average rank in a given 
trait being 1, the next smallest being 2, and so on. These 
final rankings for the various traits of character appear in 
appropriate columns in Table II. 

It was next necessary to secure corresponding rankings 
with respect to the various traits of handwriting supposed to 
be correlated with the respective traits of character. This 
was done by measuring the various traits of handwriting in- 
volved and then ranking the subjects on the basis of these 
measures. The nature and the extent of the relations exist- 
ing between various traits of character and handwriting were 
then computed from the appropriate series thus obtained by 
means of Spearman’s correlation formula: 


n(n? 


R=1 
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As indicated in Table I., ambition is very generally held 
by graphologists to be revealed by a pronounced upward 
slope of the lines of writing. Similarly, the lack of ambition 
is indicated by a corresponding downward slope, while inter- 
mediate degrees of ambition have intermediate slopes.' Since 
all of the lines of the various specimens of writing were of 
approximately the same length, the relative upward or down- 
ward slope of a given specimen would be indicated accurately 
by the average distance that the right end of the lines stood 
above or below the point where the lines would have fallen 
had they run across the page strictly at right angles to the 
margin. Each line of each specimen was thus measured to 
the nearest half-millimeter. The final averages with appro- 
priate signs appear in Table II., column 3. The correspond- 
ing ranks of the various subjects appear in column 4. Their 
ranks in ambition as judged by their fellows, appear in column 
2. A mere glance at these two series of ranks shows at once 
that there is no particular connection between upward slop- 
ing writing and ambition. It is true, subjects D, I and L 
agree fairly well as to their positions in the two series. On 
the other hand subject A who has the most upward sloping 
writing of the group is among the weakest in ambition, rank- 
ing 15.5. Again subject C who is the most ambitious mem- 
ber of the group has a distinctly downward sloping writing, 
ranking 14! When all the tendencies to agreement and dis- 
agreement are taken together in the Spearman formula, the 
correlation is found to be — .20. Clearly there is no ten- 
dency whatever for the ambitious person to write in an upward 
sloping direction. 

Some graphologists have held that ascending lines indi- 
cate pride.2. The rank of the various subjects in pride as 
judged by their fellows is accordingly given in column 5. 
The correlation between pride and upward sloping lines is 
found to be — .o7.. There is no evidence of the alleged re- 
lation. 

1 Crépieux-Jamin (2), p. 78; Deschamps (4), p. 61; French (6), p. 5; Frith (7), 


p- 33; Preyer (10), pp. 27, 181; Schneidemihi (11), p. 171, 299. 
2 Crépieux-Jamin (2), p. 172; Schneidemihl (11), p. 299. See also Frith (7), 


p. 100. 
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Regarding bashfulness, graphologists are in less agree- 
ment. Schneidemithl says that is it indicated by writing 
traced in fine lines (11, pp. 196, 299). Accordingly, the width 
of each subject’s writing was measured just at the bend of the 
upward stroke on the ten t’s indicated by parentheses in 
the passage (p. 66). The measurement was made by means 
of a microscope containing a scale in the eye-piece. With the 
lens system used, the units on the scale were equal to .0007 
of an inch. The average width of the ten strokes measured 
are shown for each subject in column 7. The corresponding 
ranks are shown in column 8. The ranks of the various sub- 
jects in bashfulness as judged by their fellows are shown in 
column 6. The correlation of narrowness of lines and bash- 
fulness as represented by these two series of ranks is — .45. 
There is clearly no tendency for bashful people to write with 
fine lines. 

Correlation was also computed between bashfulness and 
the tendency to lateral narrowness of the m’s and n’s. Both 
the height and width of the m’s and n’s marked by paren- 
theses in the passage (p. 66) were measured to the 64th of 
an inch, by superposing an Osborn transparent glass scale 
(9, p. 93) and reading with a hand lens. Interference due to 
natural differences in the size of writing were eliminated by 
taking as the index of the proportionate width of the m’s and 
n’s, the quotient of the average width divided by the average 
height. These indices are shown in column g and the cor- 
responding ranks in column 10. The correlation of bash- 
fulness with narrow m’s and n’s is found to be + .38. This 
is the largest positive correlation obtained in the present 
study. It is rather ironical that it also should be the only 
relation investigated which, to the knowledge of the writer, 
has never been put forth by any graphologist.! The — .45 
obtained between bashfulness and thin lines is the largest cor- 
relation of either sign obtained in the study and rather sur- 
prising. But, unfortunately for the theory of Herr Schneide- 
miuhl, it is negative. A real negative correlation is, to be 
sure, as interesting and important as a positive one. It will 


1 See however, Crépieux-Jamin (2), pp. 91 and 96; Frith (7), p. 38. 
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be proven later, however, that neither of these correlations are 
greater than might result from chance. 

‘Force’ is held by graphologists to be indicated variously 
by heavy bars on the t’s! or by heavy writing in general.*” We 
have already at hand exact measures of the heaviness of the 
upstrokes of the t’s in connection with bashfulness (column 
7). The ranks shown in column 8 must be reversed in this 
connection, 17 becoming 1, 16 becoming 2, etc., since here the 
rank is according to width instead of narrowness. The rank 
of the various subjects with respect to force as judged by 
their fellows is shown in column 11. The correlation of 
force with heavy writing as indicated by these rankings is 
—.17. There is here no evidence in favor of the alleged 
relation. 

The width of the bars on the same ten t’s was measured 
at their widest points by the microscope as described for the 
up-stroke. These averages are shown in column 12, and the 
corresponding ranks in column 13. This trait of writing 
gives a correlation coefficient with ‘force’ of — .06. There 
is no evidence that forceful people cross their t’s heavier than 
anyone else. 

It might be urged that ‘force’ is indicated by the relative 
width of the bars on the t’s as compared with the heaviness 
of the rest of the writing. A convenient index of this rela- 
tive width is afforded by the quotient obtained by dividing 
the average width of the bars on the t’s (column 12) with the 
average width of the up-stroke of the same t’s (column 7). 
These quotients are given in column 14, and the correspond- 
ing ranks in column 15. They yield a coefficient of corre- 
lation with ‘force’ of + .27. This is no greater than chance 
affords. : 

Perseverance is held by certain graphologists to be indi- 
cated by prolonged bars on the t’s.* The length of the bars 
on the same ten t’s already mentioned, were measured to the 
nearest half millimeter. The average results are shown in 


' Crépieux-Jamin (2), p. 191; Deschamps (4), p. 84; French (6), p. 5; Frith (7), 
pp. 55, 120. See also Schneidemihl (11), p. 295. 

2 French (6), p. 17; Preyer (10), p. 168. 

3 Frith (7), p. 97; cf. Crépieux-Jamin (2), p. 95. 
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column 17, and the corresponding ranks in column 18. The 
rank of the various subjects in perseverance as judged by 
their fellows appears in column 16. Perseverance and the 
tendency to make long bars on the t’s as thus indicated, yield 
a correlation of exactly zero. 

Recognizing the fact that a long bar on large writing 
might not be of the same significance as one of the same length 
on small writing, this disturbing factor was compensated for 
as follows: The height of the ten t’s was first measured and 
averaged. The quotient obtained by dividing the average 
length of the bars on the t’s by the average height affords a 
reliable index of the proportionate length of bar. These 
quotients appear in column 19, and the corresponding ranks 
in column 20. These yield a correlation with perseverance 
of + .16. There is clearly no connection here between per- 
severance and the tendency to make long bars on the t’s. 

Reserve is held almost universally by graphologists to be 
indicated by a tendency to close tightly the small a’s and o’s, 
whereas frankness is indicated by the opposite tendency to 
leave them open at the top.!' It was found that no writer 
completely closed all his a’s and o’s, or left them all open. 
Accordingly a table was made of all the a’s and o’s showing 
for each subject the number closed, the number just open 
and the number wide open. The number of open letters 
plus twice the number wide open was finally taken as the 
index of openness. These indices are shown in column 22. 
The corresponding ranks in tendency to close the a’s and o’s 
appear in column 23. The ranks of the subjects in reserve 
as judged by their fellows appear in column 21. Reserve and 
the tendency to close a’s and o’s as thus indicated, yield a 
correlation coefficient of — .02. Once again we find no sup- 
port for the claims of the graphologists. 

A brief summary of the correlations obtained in the fore- 
going experiments is presented in Table III. 

1 Crépieux-Jamin (2), p. 87; French (6), p. 11; 13, 23; Frith (7), p. 102; Preyer 
(10), p. 155; Schneidemihl (11), p. 297. 
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Taste III 


CoRRELATIONS OF CHARACTER WITH HANDWRITING 


Ambition with upward sloping lines....... — .20 
with OF — .45 
Bashfulness with lateral narrowness of m’s and n’s...............-- + .38 
— .17 
Force with heavy bars on t’s, varying size of writing compensated for + .2 
Perseverance with length of bars on t’s...........-0.ceecceceeeece .00 
Perseverance with length of bars on t’s, varying size of writing com- 


There appear in this table fully as many negative correlations 
as positive. The average of the entire ten is — .016, or prac- 
tically zero. And since the above are a fair sampling of graph- 
ologists’ claims as to the relation between handwriting and 
character, this figure may be taken with some assurance as 
typical of the whole. 

As an interesting check upon the technique employed, an 
equal number of correlations were computed from pure em- 
pirical chance. Symmetrical lotto blocks numbered from 1 
to 17 were shaken thoroughly in an improvised dice box, 
thrown upon a table and arranged in a row by mechanical 
methods. The numbers of the blocks were recorded in the 
order thus appearing just as if representing the ranks of the 
subjects in a trait of character. The blocks were then shaken 
for about a minute, arranged in a row as before and the num- 
ber recorded, this time as if ranks of subjects in a trait of 
handwriting. Then the correlation between the two orders 
was computed by Spearman’s formula exactly as in the regu- 
lar experiment. The following successive correlations were 
obtained by this means: 


+ .22, — .23, + .07, +.10, — .17, 
— .07, +.19, — .26, + .47, — .I5. 


The large positive correlation of + .47 which it is possible to 
obtain by this means should be compared with the corre- 
lations of + .38 and — .45 in Table III. The average of 
the group as a whole is + .017, which may be compared 
with a similar average derived from Table III. 
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The strictly negative results of the present experiment are 
not necessarily in conflict with the results of Binet. The 
two experiments do not test exactly the same thing, as has 
already been suggested. It is probably significant, however, 
that Binet’s graphologists made very bad records on the only 
test of character he employed, even where the differences be- 
tween the pairs of writers were extremely gross. The aston- 
ishing ability of Binet’s subjects to tell intelligence from hand- 
writing should receive special investigation. It is possible 
that the individuals whose handwriting was used in this ex- 
periment were too well known to furnish satisfactory mater- 
ial for subjects who make a special point of studying the hand- 
writing of eminent men. 
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XUM 


THE CORRELATION BETWEEN VISUALIZATION 
AND BRIGHTNESS DISCRIMINATION ! 


BY C. H. GRIFFITTS AND W. J. BAUMGARTNER 


Although the notion of imagery ‘types’ is generally 
accepted, in some form or other, very little if any experimental 
work has been done towards determining the underlying 
reason for the existence of different types. While practice, 
and also heredity, are generally conceded to be factors, we as 
yet do not know their relative importance. However, before 
we can understand the influence of either we must know more 
concerning the neurological factors upon which or through 
which they may exert their influence. 

In this connection the explanation frequently offered is 
one which assumes individual differences in the relative 
degrees of development or of the sensitivity of different 
tracts as a basis of the differences in imagery. Segal, for 
example, has advanced a ‘Perseveration-tendency’ theory. 
“Wir haben den Typus durch die starkere Perseverationstendenz, 
welche die den Typus bedingende psychophysische Disposition 
auszeichnet, zu erklaren gesucht.”* (1) As evidence he points 
to his results, which seem to show that material presented to 
the sense corresponding to the ‘type’ of the subject is more 
readily memorized and recalled, and this is believed by him 
to be due to the greater ‘Empfanglichkeit’ of this sense de- 
partment. The evidence cited is, however, contradicted by 
the work of others, even though some have gone so far as to 
assume that the ‘type’ of the subject may be determined 
through the small differences in results obtained by different 
modes of presentation. 

Others turn more directly to differences in sensory abilities. 
Miss Washburn, for example, combines this with experience 

1 From the Psychological Laboratory of the University of Michigan. 

2 Segal, ‘Ueber den Reproduktionstypus und das Reproduzieren von Vorstellungen,”’ 
Archiv f.d. Ges. Psychol., 1908, 12, p. 216. 

75 


76 C. H. GRIFFITTS AND W. J. BAUMGARTNER 


and habit in an attention theory. She says: ‘‘‘Imagery 
types’ may, I think, be most readily explained as attention 
types, due to innate differences in sense discrimination and to 
habits formed by the nature of one’s environment and work.” 
Others deny or doubt any such relation between imagery 
‘types’ and sensory ability, but so far there has been lack of 
experimental work bearing directly upon this problem, which 
is one fundamental to the whole notion of imagery. 

The present investigation was undertaken to discover if 
there is any correlation between sensitiveness of the visual 
tracts, in so far as that is measured by accuracy in brightness 
discrimination and effectiveness in visualization. Assuming 
that brightness discrimination is determined in some degree 
by the sensitiveness of visual tracts the results would test 
Segal’s hypothesis. Discrimination was measured by the 
accuracy with which the observers could set a Lummer- 
Brodhun photometer, visualization by success in making 
simple geometrical constructions mentally. Seventy-five stu- 
dents in psychology were used in each test. 

One point of distinction generally overlooked must be 
emphasized in all discussions of ‘imagery types’ because this 
expression is regarded by some as having quantitative, by 
others a qualitative significance. That is, a person whose 
imagery is nearly exclusively visual may yet be a very poor 
visualizer where the clearness or distinctness of imagery is 
considered, and from the latter viewpoint rank far below 
another who has a great deal more of the other kinds of 
imagery with relatively less of the visual. For example, 
suppose the intra-individual distribution of imagery for A is 
visual 85 per cent., auditory 15 per cent.; and for B, visual 
45 per cent., auditory 55 per cent. Now B’s visual imagery 
may be clearer and more distinct than A’s and B may readily 
succeed in visualizing complex figures where A fails. One 
of the most exclusively visual of our subjects was in our test 
unable to visualize any but the simplest problems, failing in 
eight of the twelve. To say that A has a greater percent of 
visual than of auditory imagery, or to say that he has rela- 


1 Washburn, ‘Movement and Mental Imagery,’ p. 44. 
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tively more visual imagery than B is one thing, while to say 
that A’s visual imagery is more or less clear than B’s is 
another.! If now the sensitivity of the different sensory 
tracts be brought into the discussion, the explanation, if 
accepted, in the first case would be that A’s visual tract is 
relatively more sensitive than his own auditory; in the second 
case it would be that A’s visual tract is less sensitive than 
B’s visual tract. Our purpose in the work here reported has 
been to test the latter proposition. In other words, can indi- 
vidual differences in the ability to visualize be explained as 
due to differences in the sensitivity of the visual tract in so 
far as the latter is measured by the limen of brightness dis- 
crimination? 

The first of the writers, in connection with other and more 
extensive work suggested by Professor Pillsbury and dealing 
with imagery, was using a test for visualization and it seemed 
an opportune time to begin an investigation of the relation 
between effectiveness of visual imagery and the sensitivity 
of the visual tract. Effectiveness of visual imagery was 
measured by success in twelve problems, the solution of which 
involves visualization. The last forty-six subjects tested 
were given four extra problems in addition to the main list 
of twelve. The following are examples of the problems used: 

7a. Think of a square. Draw two horizontal lines divid- 
ing the square into three equal rectangles. Now draw the 
two diagonals of the square. Into how many parts is the 
square divided? 

7b. How many of these parts are triangles? 

ga. Think of a square. From the middle of the square 
draw lines to each of the two lower corners. From the middle 
of the bottom line draw lines to each of the upper corners. 
Into how many parts is the square divided? 

gb. How many of the parts are triang'es? 

Each problem was typewritten upon a long narrow strip 
of paper, the length of which prevented it from being used as a 
sensory basis for the solution of the problems. Each part 
of each of the above examples was considered as a separate 


1 Segal, ibid. 
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problem. As the slips were marked face downward on the 
table, with the numbers placed on the back, the subject was 
able to know when he came to a series of connected problems. 
The subject sat facing a bare wall. The instructions, gener- 
ally read first by the subject while the experimenter busied 
himself about the room, were as follows: 

“‘After the experimenter says ‘ready’ you will turn over 
the first card, read carefully, and give the answer called for 
as soon as you can. If the answer given is wrong you will 
be so informed, and you will continue to work until you give 
the correct answer, or until you have worked five minutes. 
If you have not succeeded in the five minutes the experi- 
menter will stop you, and at the signal ‘next’ will turn over 
the next card, etc. The work is all to be done ‘mentally’ 
and you are not to use the card or any object in the room in 
any way as an aid, nor will you trace the figures on the table 
with your fingers. Otherwise you may move your hands 
about as you wish. A record will be kept not only of the 
time required to give the correct answer, but of the number of 
wrong answers given as well. They are equally important.” 

From previous experience in giving tests these instructions 
seemed to be required. The subjects were at liberty to 
reread them at any time. One practice problem was allowed 
at the beginning of the test and no record was kept of it. 

A fuller report of this test will be made in a later publica- 
tion. It assumes that the person with the clearer visual 
imagery will succeed more quickly than one whose imagery 
is less clear. In formulating and selecting the problems to 
be used the effort has been made to eliminate all which would 
permit the subject to attain the result by calculation rather 
than by visualization. Without exception the subjects, 
who were beginning students without preconceived notions 
as to ‘types’ and who were tested before the question had 
been discussed in the class, attributed success or failure to 
ability or lack of ability to visualize. 

Previous experience with the test seemed to show that 
unless the subject is compelled to continue until the correct 
answer has been given, the results have very little value. 
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Both the objective and the introspective results show that 
the scores, either of time or successes, based on the first 
answer are often too dependent on factors other than 
visualization. The method of scoring as finally adgpted was 
based on the time required for a correct solution. This 
brings up the question of the proper treatment of the failures. 
We counted each failure as 400 seconds. The correlation 
between the scores as thus obtained and the scores that 
would result from scoring failures after 240 seconds of work, 
counting failures as 300 seconds, is .g8. This is to be ex- 
plained by the fact that the subject succeeds, if at all, within 
the first three or four minutes. While this procedure com- 
bines the result in a single score, it is not above question. 
Results are given below for comparison which eliminate 
entirely those subjects who failed in any problem. We also 
compare the limina of those who succeeded in all, and of 
those who failed in one or more of the problems. 

The brightness discrimination at Professor Pillsbury’s 
suggestion was determined by using the Limmer-Brodhun 
photometer. The method followed was that of least notice- 
able differences. The photometer furnishes a ready, simple, 
and accurate means of obtaining results, and has the advan- 
tage of reducing the space error to a minimum. Half the 
readings were obtained with the center area in the photo- 
meter darker at the start, the other half with the relation 
reversed. The apparatus was set up in a dark room, and 
large black screens kept the light from the 25-watt Mazda 
lamps from the eyes of the subject, and from lighting the 
room generally. The readings were obtained with the move- 
able lamp at an average distance from the photometer of 130 
cm. The stationary lamp was placed in a large box with a 
4-5 X 4.5 cm. opening which was covered with ground glass. 
Ten minutes were allowed for darkness adaptation. Ten 
values were obtained from each subject. 

The second of the writers gave the test for brightness dis- 
crimination, the first the test for visualization. Seventy- 
five subjects were used for both tests. In testing the last 
forty-six subjects, the tests were given in immediate succes- 
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sion, the visualization test first. The time allowed for dark- 
ness adaptation served as a period of rest. This was done to 
equalize for the two tests the effects of general fatigue before 
beginning, of off days, colds, etc. In both tests the subjects 
were tested individually. The difference limen for different 
subjects ranged from I to 5 cm. 

Coefficients of correlation were computed not only on a 
basis of the whole number tested (75) but also on a basis of 
the last forty-six tested. Then in each case the coefficients 
are given which result when those are eliminated whose 
readings in the test for brightness discrimination showed an 
average deviation of more than one-third of their average. 
Then because of possible question as to the validity of the 
treatment of failures, the coefficient which results from the 
elimination of those who failed in any problem is also given, 
where this does not reduce the number of subjects below 
twenty. The coefficients given were obtained by converting 
R-values (foot-rule method) according to the table given in 
Whipple’s Manual.!' Results are also given for the last 
forty-six, which include sixteen problems, instead of twelve. 


Whole number (75) tested, 12 problems 


2. Fifty-seven Subjects, eliminating most variable................ a7 

3. Thirty-one Subjects, eliminating also those who failed.......... .26 
First group tested (29) 

Second Group Tested, forty-six Subjects, 12 problems 

6. Thirty-six Subjects, eliminating most variable................. 13 
Second Group Tested, 16 problems 

8. Thirty-six Subjects, eliminating most variable................. .03 


While these results may seem to indicate some slight de- 
pendence of visualization, as tested, upon visual sensitivity, 
yet the evidence is far from conclusive. It will be noted that 
the correlation is higher for the first than for the second group. 
The former were laboratory subjects and on the whole a better 


1 Whipple, G. M., ‘Manual of Mental and Physical Tests,’ Part I, p. 44. 
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class of subjects than the second group. Being also the 
first tested, they were less likely to be familiar with any of 
the problems of the visualization test beforehand. There- 
fore it might seem that their results were more valid. On the 
other hand, they took the two tests on different days and the 
tests for brightness discrimination were not quite so thorough 
as with the second group. On the whole the evidence seems 
to be that the difference in the case of the two groups is due 
simply to chance involved in sampling, for in the second group 
in particular there were several who ranked among the best 
in one and the poorest in the other test. As at least half of 
these were low in the visualization test and high in the other, 
the lack of correlation can hardly be charged to the possi- 
bility that some of the second group were informed before- 
hand of the tests. Of course each subject was pledged to 
secrecy in this regard.! 

If failures alone are considered, we find that the average 
brightness limen for those who did not fail in any problem is 
2.28 cm., while for those who did fail it is 2.38 cm. Occa- 
sionally a subject was found who, though failing in two or 
three problems, would nevertheless finish the remaining 
problems in considerably less than the average time required 
for those problems. This seems to indicate that while the 
limits of a subject’s ability to visualize may be low, yet within 
those limits he may work more rapidly than another who, 
though slower, will not fail in any. It might be that, with 
a series of problems including some of greater difficulty, and 
graded to form a scale, and in which only the ability to visual- 
ize is considered and the time disregarded, different results 
might be obtained. Further work will proceed along this 
line. 

It might be thought that the correlation was due to the 
general intelligence of the subjects or to some other factor 
that would appear in all tests. That this was not the case is 
apparent from the results in other tests. For the same sub- 


1These results are not corrected for attenuation as none of the usual methods 
are applicable. The fact that each partial group shows a higher correlation than the 
total would indicate that the correlations would be considerably higher were this 
correction to be made. 
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jects scores were available for memory, as tested by exposing 
for six seconds lists of eight letters and figures, and also for 
speed in written multiplication. In the first case the corre- 
lation with brightness discrimination is .13; in the second 
case it is — .03. 


SUMMARY 

1. Distinction must be made between the qualitative and 
the quantitative aspects of individual differences in imagery. 

2. The correlation for visualization and brightness dis- 
crimination is slightly positive. The evidence seems to be 
that individual differences in visualization cannot be ex- 
plained as due to differences in visual sensitivity. 

3. No correlation was found between brightness discrimi- 
nation and either memory for letters and digits or speed in 
multiplication. 


